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Editorial Viewpoint 


“Crippleware” possibly to blame 
for two airliner crashes 








No doubt you have heard about the two Boeing 737 Max 
8 airliners which crashed in the last six months: Lion Air 
flight JT610, which crashed on 29 October 2018, killing 
189; and Ethiopian Airlines flight 302, which crashed on 
March 10, killing 157. 

You may have also heard that there is a suspicion that 
a fault in the angle-of-attack (AOA) sensor, which controls the MCAS anti-stall 
system, led to both crashes. This system can move the nose of the aircraft up or 
down if it thinks the aircraft is in danger of stalling. But faulty sensor data could 
lead it to ‘fight’ the pilots during normal flight. 

(A report on the flight 302 crash, unofficially released as I am writing this, claims 
that there was no indication of damage to the AOA sensor. But it still seems that 
MCAS was a factor in both crashes.) 

In a truly bizarre engineering decision, although these aircraft have two AOA 
sensors, only one was used as an input to the MCAS system. I can’t understand 
that; if you have redundant sensors, why not use them? And how could they have 
thought that MCAS did not need redundancy, when it affects how the plane flies? 

At the very least, if the two sensors were giving different data, MCAS could be 
disabled on the basis that it’s better to do nothing than act on suspect data. 

But even more damning to me is the fact that the aircraft were fitted with a 
warning system which tells pilots when the two sensors are giving conflicting 
data (which would be required even if MCAS paid attention to both sensors). But 
on both doomed aircraft, it had not been enabled because that feature cost extra! 

I’m sorry, but these sensors were inputs into a system which affects how the air- 
craft flies. Charging extra for a safety system which is just activating a pre-existing 
warning light is wrong on so many levels. I understand that this system will now 
be enabled on all 737 Max 8 aircraft via a software update. 

I think that’s called closing the stable door after the horse has bolted. 

I’m not the kind of person to get worked up about little things, but it annoys 
me when manufacturers sell me an expensive product which has extra hardware 
features, but they won’t enable them unless I pay more. 

This practice is known as “crippleware”, which is when “vital features [of soft- 
ware or hardware] ... are disabled until the user purchases a registration key”. 

While I don’t necessarily mind paying a little bit extra to enable more features, 
it isn’t unheard of for the cost of these extra features to add up to way more than 
what you pay for the item in the first place! That makes me very annoyed. 

And it isn’t just aircraft where safety features have become crippleware. Every 
night I see people driving around without their headlights on. That's dangerous. 
There have been times where I have come close to having a collision with such a 
vehicle, as I could not see it until the last second. 

In modern vehicles, this can be easily solved by the addition of a ten cent LDR 
to detect the ambient light level, a few lines of code to switch on the headlights 
when it’s dark and maybe an extra transistor or relay to do the switching. 

We’re hardly talking sheep stations to implement this basic safety feature. 

In some cases, automatic headlights can be enabled by plugging a laptop into the 
car and twiddling a bit in the ECU. And yet, many manufacturers charge several 
thousand dollars for the “options” package which includes this feature. 

I think this should be made mandatory on all new vehicles. It’s a fundamental 
safety feature which costs almost nothing to implement. 

And I'd hate to have been involved in designing the 737 Max 8, especially the 
MCAS or related systems. They're going to have some very awkward questions 
to answer. 





Nicholas Vinen 
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Amateur radio could be useful 
in emergencies 

David Williams (SILICON CHIP, 
March 2019) is spot on when he ob- 
serves that we have all been put in 
a very vulnerable position since the 
NBN was introduced. 

As well as questioning how long all 
the battery backups will last to keep all 
this internet-based infrastructure go- 
ing in a disaster, he asks how long the 
phone towers will continue to operate. 

But there is another problem with 
relying on the mobile phone network 
in a disaster scenario, and it’s that the 
towers can be overwhelmed with calls 
in these situations, making the net- 
work virtually unusable. This leaves 
absolutely na communication left for 
victims to call for help. 

Communications between emergen- 
cy services and dispatchers has im- 
proved considerably from the disas- 
trous days of the Ash Wednesday fires, 
when my amateur radio colleagues had 
to liaise between emergency vehicles 
with incompatible frequencies. 

Since then, I have seen a general 
loss of interest in radio transmission 
as even some of my colleagues have 
moved their communications to chat 
rooms on the internet. 

Here in central Victoria, members 
of the Bendigo Amateur Radio and 
Electronic Club (BAREC) have real- 
ised there is one thing that will always 
work when everything else has failed, 
and that is radio transmissions pow- 
ered by batteries. 

To this end, we are now training 
members of the public, who live in 
remote areas, to pass the basic Foun- 
dation Amateur Radio Licence which 
allows them to communicate with re- 
peaters and monitoring stations out- 
side the danger area. We’re told that 
they now feel a greater sense of secu- 
rity and connectedness. 

And of course, they can then use 
their new found skills to explore the 
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hobby further. SILICON CHIP has cov- 
ered radio and antenna projects before 
and it would be fantastic to see more 
of that in future. 
Tony Falla, VK3KKP/G8HIM, 
Castlemaine, Vic. 


Design flaw in Adjustable 
Active Crossover PCB 

I have found a problem with the 
latest RevD version of the PCB for the 
Adjustable Active Crossover (Septem- 
ber-October 2017; siliconchip.com. 
au/Series/318). If you power it from 
a centre-tapped mains transformer, 
when you switch the power switch 
S1 off, the two transformer windings 
are shorted out. 

I was initially puzzled because the 
unit seemed to work perfectly, but al- 
ways had a blown fuse when I next 
went to use it. 

The short circuit designed into the 
board took me some time to find! It’s 
because the front two pins of switch 
S1 are connected to a large section of 
copper on the board. This is clear in 
the image of the PCB pattern on pag- 
es 70 & 71 of the October 2017 issue. 

With a bit of difficulty, I desoldered 
my switch and cut the front two pins 
offit. This turns the switch into a DPST 
version, and prevents the normally 
closed pins from being shorted to the 
centre pins when the switch is in the 
off position. The two plastic struts 
align the switch anyway and keep it 
in position. 

Other than that, this was a great pro- 
ject to build and allows some interest- 
ing experimentation with speaker de- 
signs and audio electronics. I recently 
acquired a new Keysight EDUX1002G 
DSO, and its frequency response anal- 
ysis function showed that the mark- 
ings for the cross over adjustments are 
pretty accurate. 

Stephen Hockey, 

Rosanna, Vic. 

Response: sorry about this oversight. 
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That large area of copper was provided 
to help anchor the switch firmly to the 
board when soldered. It should have 
been separated down the middle, to 
prevent the switch from shorting out 
the transformer when off. This has 
been fixed in RevE, and we will have 
RevE boards available for sale soon. 


More preamplifier inputs wanted 

Your magazine always provides 
articles and projects of interest. For 
some time I have needed a multi-in- 
put preamplifier; however, your 2007 
and 2011 designs only cater for three 
inputs. Fortunately, I stumbled on 
the October 2005 Studio Series ste- 
reo preamplifier article (siliconchip. 
com.au/Series/320), which provides 
for five inputs. 

Discovering that PCBs were still 
available for that preamp meant that 
it was all systems go! I have two dif- 
ferent applications for the preamp, so 
I have ordered two PCBs. 

As the 2005 design specified 
OPA2134 op amps, which are diffi- 
cult to find and also are quite expen- 
sive, I decided in place of them to use 
NE5532s. The November 2011 article 
is very interesting in the way it de- 
scribes the performance differences 
affected by different capacitor types 
and values and methods for keeping 
impedances low for good noise and 
distortion performance. 

Isuppose the modern audio analysis 
instruments that you have enable per- 
formance improvements to be analysed 
to a much greater level of detail than 
was the case in earlier years. 

On the subject, your Universal 
Regulator Mk2 design (May 2015; 
siliconchip.com.au/Article/8562), 
while offering a lot of flexibility, does 
so at the cost of forcing the builder to 
restrict capacitor choice to 85°C types, 
due to their smaller diameter. I much 
prefer to use 105°C types for better 
long term reliability, especially in our 


siliconchip.com.au 








palelet-\—) aletelan 


The Newest Producis for Your Newesi Designs 


TA6, Al h THE INTELLIGENT 
BOM TOOL 
Master your Bill of Materials 
with greater intelligence 


Time-saving, one-step BOM importer (maintains original format) 
Access millions of orderable parts 

Add/delete parts, see multiple quantities and prices 

Part match confidence and design risk indicators 


Learn how FORTE is more than just matching and ordering parts. 


Discover why it’s what a BOM tool should be.at mouser.com/bomtool. 


pe ie 


’ MOUSER 


ELECTRONICS 


Mouser and Mouser Electronics are registered trademarks of Mouser Electronics, fac. Other products, logos, and company names mentioned herein, 
may be trademarks of their respective owners. 


siliconchip.com.au Australia’s electronics magazine May 2019 





environment where not all equipment 
will be used in air-conditioned areas. 

However, to use the higher rated ca- 
pacitors would have called for a larger 
PCB, which would not have suited the 
project’s aim. Nevertheless, I consider 
this to be a major flaw in the design. 

Richard Kerr 

Cessnock, NSW. 

Nicholas responds: we are planning 
to offer an upgrade to our most re- 
cent preamplifier design (March-April 
2019; siliconchip.com.au/Series/333) 
to provide six stereo inputs with re- 
mote control and pushbutton switch- 
ing. We are hoping that this will also 
be able to be built as a standalone au- 
dio input switcher. 

The main reason for using an 
OPA2134 over the NE5532 would be 
its higher input impedance as it has 
JFET input transistors. If that isn’t re- 
quired, NE5532 or LM833 would be 
my choice. They are both cheap and 
excellent performers for audio (low/ 
noise distortion). 

I also much prefer using 105°C ca- 
pacitors as they have a much longer 
life even at lower operating tempera- 
tures. It is true that they are generally 
larger than their 85°C rated equiva- 
lents; however, you can purchase rel- 
atively small 105°C-rated capacitors 
with good MTBF figures. 

You can see in the Universal Regu- 
lator article (May 2015) that the ca- 
pacitors used have considerable room 
around them. For the 2200)1F 25V ca- 
pacitors, you can use diameters up 
to 16mm (18mm if you’re pushing it) 
which gives you hundreds of options 
for using 105°C rated capacitos. 

For example, you could use Nichi- 
con UBT1E222MHD which is 16mm in 
diameter and rated for 10,000 hours 
at 125°C. And the 100pF 25V capaci- 
tors can be up to 10mm in diameter 
which gives you plenty of high-relia- 
bility, long-life options. 

By the way, electrolytic capacitors 
are now available which can handle 
operating temperatures up to 150°C! 


Much better to repair than replace 
expensive consumer goods 

I read Nicholas’ comments in the 
March issue, on the current state of 
affairs regarding repairable consumer 
goods, with a smile on my face. 

I spend a fair amount of time do- 
ing just that for friends, neighbours, 
friends of friends etc. Many people 
are reluctant to repair equipment be- 
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cause manufacturers can charge more 
for parts and repairs than the original 
item cost when purchased new. How- 
ever, this becomes a major problem 
when parts are no longer available... 

For example, I was trying to repaira 
wide-screen TV where the main CPU 
was history (along with the EEPROM). 
Although I could purchase and fit a 
new CPU and EEPROM, the firmware 
wasn’t available, and neither were the 
startup operating parameters stored in 
the EEPROM. So I couldn’t fix it. 

I have another relevant anecdote 
about my Holden Vectra; a very nice 
car that was a joy to drive, powerful 
yet economical. One day I was driving 
home from Brisbane and it stopped. To 
cut a long story short, it needed a part 
which was no longer available. The 
number cast into the part by Holden 
didn’t appear in any manual, and the 
Holden parts computer system didn’t 
recognise it. 

After waiting over a week for Holden 
to locate this part, I eventually found 
one in the UK. I bought two in case it 
failed again! 

How long will it be before we have 
to throw away larger and theoretically 
‘durable’ items due to the high repair 
costs and higher parts cost? How long 
before manufacturers decide to pull all 
support for given a product shortly af- 
ter it goes on sale? When spare parts 
or firmware are no longer available, 
what happens then? 

Then we find components with no 
identifying marks, MPUs that destroy 
themselves if anyone tries to download 
the code they run on and PCBs fully 
encased in resin preventing access to 
the boards and components on them. 

I understand intellectual ‘property 
rights’ and copyrights, and they do have 
their place, but what about consumers 
rights? What does the consumer do if 
parts are no longer available and the 
new software or firmware will not run 
on the equipment they want repaired? 

Technology is amazing and has been 
integrated into our everyday lives, but 
let’s not allow the manufacturers of 
said equipment to control our financ- 
es or the global economic markets. 
We bought it, we own it and we use 
it, why are we being denied the right 
to have it repaired? 

My PC keeps updating itself even 
though updates are turned off and one 
such update (for Windows 10) caused 
me to lose the use of my USB ports! 

As my keyboard and mouse are 
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both USB models, It was a struggle to 
remove that update and fix the mess 
it left behind. 

Fixing broken products makes more 

sense. Products with a decent working 
lifetime make sense. And yet consum- 
ers have fallen right into the “just buy 
a new one” trap! 
Comments: under existing Consumer 
Law, manufacturers cannot withdraw 
support for a new product — it must 
be supported for a “reasonable” time. 
Although, what that means exactly is 
anyone’s guess. 

Dave Sargent, 

Maryborough, Qld. 


Extension leads for bench supplies 

Sometimes I need to have power 
some distance from my lab power 
supply. My solution to this problem 
was to make some extension leads up. 

One end of the twin-core cable has 
piggyback banana plugs (so I can dou- 
ble-check the meter output or run a 
second cable) that plugs into the ex- 
isting sockets. The other end has one 
of those screw terminal joiner blocks 
so I can connect any wires in. 

This means that I can power up a 
prototype in the middle of the room, 
without worrying about using battery 
modules. I might need a longer one 
for greater freedom of movement. This 
would have the benefit of saving on 
batteries during development. 

Darcy Waters, 

Wellington, New Zealand. 
Comment: keep in mind that depend- 
ing on the current draw, you could 
have a significant voltage drop across 
such a cable. One of our bench sup- 
plies has separate sensing terminals 
so it would be possible to create kelvin 
probe style wires to suit it (they would 
need four cores although the two sens- 
ing wires could be thin). 

Although it’s awkward, we gener- 
ally prefer to run a mains extension 
lead to the bench supply and put it 
on a wheeled trolley to get it close to 
the load, both for the convenience of 
front panel access and to get decent 
voltage regulation. 


Electrical safety standards not being 
properly enforced 

Your editorial in the April issue 
made me pretty angry. I started out in 
electronics pulling apart mains-pow- 
ered equipment that had failed due 
to bad design or poor quality com- 
ponents. 
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In my case, I was messing about with old black & white 
TVs, playing with the HT and zapping my brother or the 
plants in the garden, much to my parents’ dismay. 

I have been involved in electronics for over 40 years 
now and have seen the changes in the standards to which 
goods are manufactured. Some poorly made and, in my 
opinion, dangerous equipment has come in from overseas. 

This equipment somehow makes its way onto our shores 
and ends up installed into peoples’ homes, just waiting 
for some unsuspecting person to be killed due to the rel- 
evant government body not doing its job and halting the 
import of this junk. 

The articles and projects published in SILICON CHIP and 
its predecessors (EA, ETI, AEM etc) have always been well 
thought-out with regards to electrical safety. 

What is of even more concern is the lack of backup for 
000 emergency calls with the NBN roll-out. It’s typical 
government stupidity; I am sure there will be many more 
deaths from people not being able to call the fire brigade, 
police or ambulances in emergencies. 

Anon. 


Some sellers on AliExpress are unscrupulous 

There is no magazine in the world like SILICON CHP. 
Keep up your great work. I notice that you occasionally 
refer readers to products sold via AliExpress. I have been 
buying bits and pieces from AliExpress for about 12 months 
with no problems. But in January I was sent goods not as 
I requested. On checking my credit card statement after 
they arrived, I found a second charge of a similar amount 
taken by them on the same day but with no reference. 
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It is a total nightmare trying to get anything out of these 
people. You can only chat with them online via their web- 
site, but I find the interface very awkward to use. I have 
spent some three hours over a month and have gotten no- 
where with them. I requested they email me so we could 
communicate properly, but they refused. 

I’ve had occasional problems with Amazon and PayPal 
before, but I was always able to pick up the phone and 
talk to someone for a satisfactory resolution. So, I won’t 
be buying on AliExpress in future. 

Ron Cooper, 

Collaroy, NSW. 

Response: we have had mostly good luck with AliExpress, 
but as you say, when things do go wrong, it can be a real 
nightmare. There have been a few times that we have re- 
ceived counterfeit, defective or incorrect goods and have 
been unable to get a refund. In some cases, we have got- 
ten a partial refund, but that hardly seems fair when we 
did not receive the items that we ordered. 

But it’s a bit difficult to recommend that readers avoid 
the site for these reasons because they have a great range 
of products at very low prices and even if you allow for 
say 5% of your purchases to ‘go wrong’, you're still get- 
ting a pretty good deal overall. 

Having said that, it’s still very frustrating when their dis- 
pute resolution process finds in favour of shonky sellers. 
You need to keep in mind the usual slogan when it comes 
to purchasing goods: “caveat emptor” — buyer beware! 


Solar bilge pump ‘gotcha’ 

I thought your answer in Ask SILICON CHIP, March 2019 
(page 102) about matching a solar panel to a bilge pump 
was good, but there is ‘gotcha’ which never shows up in 
testing. 

Imagine that the float switch closes in the night. The sun 
rises exceptionally slowly, and there is no ‘kick’ or switch- 
on impulse for the motor. When the panel is well illumi- 
nated, the panel short circuit current continues flowing 
through the same commutator segments, but the armature 
never rotates. It could burn the motor out. 

The Alternative Technology Association used to sell a 
kit for this particular application which is now available 
from LEDsales (siliconchip.com.au/link/aapu). 

You can see the circuit on that website, with a good ex- 
planation of how it operates. It is called a “Solar pump- 
ing maximiser”. They have kits for various pump currents 
in 12V and 24V versions. I have no connection with the 
vendor other than as a satisfied customer. 

Finally, Brendan Akhurst deserves a pay rise. He is on 
my wavelength, and I have enjoyed the banter about Joe 
Lucas — Poms learned to drink their beer warm because 
Lucas made the fridges! 

Richard Elliott, 

Majors Creek, NSW. 





The times, they are a-changin’ 

Regarding your April editorial, as a lad, I attended a 
school in the 1950s. Every second Tuesday had a session 
of Army Cadets or Community Service. My Community 
Service group was one which took in “trade in” radios 
from retailers, refurbished them (mainly by replacing the 
electros) before they were distributed to pensioners who 
couldn’t afford one. 
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You’re just a 
few steps from 
better hearing. 


Blamey Saunders Hears is on a mission to make it easier for Australians <a 
to access and afford high-quality, custom-fit hearing aids and ongoing suppor 








Step one: Tell us about your hearing 
Head to blameysaunders.com.au to take the free 
online hearing test. It’s clinically validated and we 
can use your results to set up hearing aids for you. 


Step two: Select your hearing aids 
ey ———_—_—__--__ Find the Blamey Saunders hearing aid that's right 
ne Boece *— tooctntmaen | fgg you — from the privacy of home. Order online 
= or over the phone and we'll post them out to you, 
ready to use straight out of the box. 


~onmee  i==" | Step three: Personalise your settings 
Lots of clients enjoy using our ‘IHearYou’ app to 
optimise their settings for different environments. 

It's made for smartphones and Windows computers. 





You’re in control but never on your own 
Our friendly experts are here for you every step of the 
way. We can even program your hearing aids for you 
over the internet. 








1300 443 278 © info@blameysaunders.com.au * blameysaunders.com.au 
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They were all mains-powered sets 
and often required new power leads. 
Our work was entirely unsupervised, 
and we managed to avoid any casu- 
alties. 

Ialso had to spend a year in the ca- 
dets. Before Camp, we were issued 
with a 1919 .303 rifle which I took 
home on the train. Security consisted 
of putting the bolt in my bag rather 
than in the rifle. Note that they didn’t 
give us any ammo to take home. 

There was a recent incident where 
the Melbourne rail loop was shut down 
for hours because someone thought a 
busker had a rifle bag rather than his 
instrument bag. Heavily armed police 
swarmed the railway station. While I 
believe the authorities had to do what 
they did, there is something to be said 
for “the good old days”. 

Geoff Champion, 

Mount Dandenong, Vic. 


Another request for multi-input audio 
switcher 

I was very interested to read your 
excellent remote controlled preamp 
design presented in the last couple of 
issues. May I be selfish and suggest 
another project that could draw on 
parts of that design that would make 
my home life easier? 

I do not have a five-channel home 
theatre set-up but instead, have a great 
stereo set-up in my lounge room that 
includes a slightly modified SC480 
power amplifier. But I have many 
possible signal sources including 
DVD/SAC, Blu-ray, Rune streamer/ 
DAC, TV, game console and even a 
cassette deck. 

Changing between these requires a 
bit of fiddling with either the selector 
on my preamp and/or another dodgy 
four-way switch box. I have no prob- 
lem with this, but it drives my family 
crazy! A standalone six-input remote 
selector based on that used in your 
preamp would be a godsend. If it were 
modular and scalable, I’m sure many 
would find uses for it. 

It would also reduce the amount of 
eye rolling I get from my daughter. If 
you really wanted to go to town, con- 
trol via a phone or tablet would be 
amazing, but I can imagine that would 
be a bridge too far. 

Concerning the complaint to NSW 
Fair Trading about your mains-pow- 
ered projects (mentioned in your April 
editorial), if they pull you up for this, 
then I hope they do the same to hard- 
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ware stores. Take a stroll through their 
electrical aisles. Surely they are also 
promoting mains powered ‘projects’ 
with all the stuff they sell to DIYers 
that can only be used by connection 
to the mains. 

At least you put lots of effort into 
illustrating correct techniques and 
warning of the dangers in your pro- 
jects. I’m a long time reader of your 
unique magazine and look forward to 
every issue. 

Kim Windsor, 

Newport, Vic. 

Response: as mentioned on page 6, we 
are planning to offer a six-way input 
switcher which can be used in com- 
bination with the new preamp. Note 
though that if you want to switch video 
too, especially HDMI, you will prob- 
ably need to use a commercial input 
switcher. They are pretty cheap, but 
it would be quite hard to incorporate 
HDMI switching in a DIY project. 


Thanks for pointing out DDS module 
flaw 

I want to congratulate Ross Her- 
bert of WA on tracking down the 
cause of the DDS Signal Generator/IF 
Alignment project (September 2017; 
siliconchip.com.au/Article/10799) 
failing to operate as designed (March 
2019, Mailbag page 13). 

The resistor array in my kit meas- 
ured 1kQ and replacing it with short 
lengths of wire effected an immediate 
response. I’m now using the DDS IF 
Alignment unit to adjust a 1946 radio. 

Robert Forbes, 

Forest Hill, Vic. 


Medical alarms and the NBN 

“Making emergency calls post- 
NBN” in the March issue of SILICON 
CHIP (Mailbag, page 10) really caught 
my attention. 

For about 17 years I co-owned the 
VitalCall Medical Alarm business. I 
am currently the Chair of Personal 
Emergency Response Services Limited 
(PERSL), an industry association rep- 
resenting the interests of professional- 
ly-monitored medical alarm suppliers, 
service providers, and their clients. 

Before the NBN, the PSTN was able 
to operate for long periods during a 
power failure and was extremely re- 
liable, with a quoted 99.9% uptime. 
It reliably supported a wide range of 
socially important services such as se- 
curity alarms, fire alarms, lift alarms 
and medical alarms. 


siliconchip.com.au 


The first version of the NBN, the Fi- 
bre to the Home (FTTH) system, could 
be fitted with a battery back-up power 
supply giving about 8-12 hours bat- 
tery operation, and was also consid- 
ered reliable. 

However, that all changed with the 
introduction of the Fibre to the Node 
(FTTN) and more recently the Hybrid 
Fibre Coax (HFC) systems. 

These two NBN systems use up- 
stream equipment to convert from the 
fibre network to either the customers’ 
copper or coax access technology, and 
that equipment does not have battery 
back-up. 

The latest system, Fibre to the Curb 
(FTTC), is a much better option as the 
node in the street is back-powered 
from the customer’s premises, and this 
power could be battery-backed. Alas, 
it has all come too late and FTTN and 
HFC will have the majority of cus- 
tomers. 

Since the introduction of the NBN, 
our industry group has been working 
with NBN Co and the Retail Service 
Providers to ensure a smooth and un- 
interrupted transition for profession- 
ally monitored medical alarm users to 
the NBN. A federally funded scheme 
was introduced to swap-over all PSTN 
based monitored medical alarms in 
NBN service areas with 3G wireless 
alarms. 

It could be argued that moving to 
3G wireless was merely swapping one 
set of risks for another, so most pro- 
fessionally-monitored medical alarms 
now have the capacity for dual con- 
nectivity. They can make emergency 
calls over both the NBN voice service 
and the 3G mobile wireless service. 

Clients with professionally 24/7 
monitored medical alarms can be con- 
fident that their alarm service is reli- 
able and will always be professionally 
maintained. 

The situation with non-monitored 
medical alarms is more confusing. Be- 
cause non-monitored medical alarms 
rely on family and friends to receive 
all the calls for assistance, and also 
to test and maintain the alarm equip- 
ment, they do not have the same de- 
gree of professional support. 

Recently, the federally funded alarm 
upgrade scheme was extended to non- 
monitored medical alarms, and some 
users with PSTN based non-moni- 
tored medical alarms have chosen to 
upgrade to a 3G wireless alarm at a 
lower cost. 
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There are also some 3G alarm pen- 
dants/trackers being sold, which are 
basically a mobile phone module anda 
GPS receiver in a small housing. These 
alarms have the advantage of working 
outside the home and can show the lo- 
cation ofa person needing help on are- 
sponder’s smartphone. They also make 
voice calls, so the responder can speak 
directly to the person needing help. 

Their disadvantage is that they rely 
solely on mobile phone network cov- 
erage, they need to be recharged eve- 
ry day or two, and again, they do not 
have the same degree of support as a 
monitored alarm. 

Note that some mobile devices, in- 
cluding some new 4G non-monitored 
medical alarms, are being marketed 
as “future proof’ 4G devices, even 
though they can’t make voice calls over 
Voice over LTE (VoLTE). Such 4G de- 
vices can only make voice calls over 
3G and, even though they are market- 
ed as 4G devices, their voice function 
will not work when the 3G networks 
are closed down. 

If you, or a member of your family, 
are considering purchasing a medical 
alarm I strongly suggest you take some 
time to research the options and con- 
sider the importance of a professional- 
ly monitored and maintained service. 

Phil Wait, 

Neutral Bay, NSW. 

Response: we still don’t understand 
how 3G/4G provides sufficient redun- 
dancy to be a useful backup for the 
NBN for safety-of-life systems, as it 
seems that both can go down within 
hours of a widespread power failure. 
And extended power failures are a 
fairly common result of natural dis- 
asters like fires, floods and cyclones. 


Shaded pole motor speed controller 
thumbs up 

I’ve just built the fan speed control- 
ler for shaded pole motors from the 
March 2014 issue. 

Over time I had tried different 
‘phase-controlled’ speed controllers in 
Diac or Triac form, all of which made 
the motor grow] at lower speeds. 

The concept of using a FET as a vari- 
able resistor inside a rectifier to main- 
tain AC in the external circuit was 
inspired. At last, I have a speed con- 
troller that can make a fan produce a 
gentle breeze without any motor noise. 
Thanks, SILICON CHIP! 

E. McAndrew, 

Capel, WA. St 
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CONTROLS 


eTape Liquid Level Sensor 
The eTape® liquid level sensor 
is fully assembled in a clear, 
elliptical polycarbonate tube to 
protect and stabilize the sensor. 
0-5V output. Lengths available 
from 130 to 800mm. 

SKU: MLS-011V 

Price: $155.50 ea + GST 


Temperature controller 
One channel temperature controller TRM500 
is provided with a universal input for a 
wide range of resistance thermometers and 
thermocouples. A 30A relay 
Gotpuy an alarm output 

a DC logic output 
are available for process 
control. 
SKU: AKC-301 
Price: $149.95 ea + GST 


Ursalink 4G SMS Controller 

The UC1414 has 2 

digit inputs and 2 relay 

outputs. SMS messages 

can be sent to up to 

6 phone numbers on 

change of state of an 

input and the operation 

of the relays can be controlled by sending 
SMS messages from your mobile phone. 
SKU: ULC-005 

Price: $259.95 ea + GST 





RedBoard Turbo 

Sparkfun RedBoard Turbo uses ij) \ 
the ATSAMD21G18, which is * 

an ARM Cortex MO+, 32-bit 
microcontroller that can run at 

up to 48MHz. 

SKU: SFC-069 

Price: $39.95 ea + GST 


5 Digit Large Display 

Large five digit pulse counter. Features 
include excitation output for powering 
proximity switches and 

2 alarm relays. 24 VDC 

powered. 

SKU: DBI-005 

Price: $799 ea + GST 


24V AC to 24V DC Power Supply 
Isolated 24VAC to 24VDC 

supply output power 12w. 

Short circuit overload and over 

voltage protections. 

SKU: PAS-004 

Price: $99.95 ea + GST 


Akytec Modbus RTU Load = 

The module MU110-24.1TD 

is a 1-channel input module 

for resistor bridges (strain 

gauge or load cell). Requires 
24 V DC power supply and 

supports Modbus RTU/ASCII 

communication via a serial 

RS485 interface. 

SKU: AKC-215 

Price: $264.00 ea + GST 
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by Dr David Maddison 





SILICON CHIP visited the Australian International Airshow and 
Aerospace and Defence Exposition, also known as the Avalon Airshow, 
to take a look at the latest aerospace technology. This is a major 
international show and attracts the largest aerospace corporations from 
all over the world, as well as some smaller ones. It’s held every two years 
at Avalon Airport, near Geelong in Victoria. 


his article concentrates on new 
l developments in aerospace 
technology. We aren’t going to 
cover any of the technology already 
described in our previous articles on 
the Avalon Airshow, in the May 2013 
(siliconchip.com.au/Article/3789) and 
May 2015 (siliconchip.com.au/Arti- 
cle/8550) issues. 

In those previous articles, we covered 
modern aircraft operating in Australian, 
including the RAAF C-17 Globemaster 
III, the Heron, E-7A Wedgetail, KC- 
30A, MQ-4C or many other interesting 
aircraft and related platforms. 

So without further ado, let’s now take 
a look at what was new at the Avalon 
Airshow this year. Fig.1 shows a map 
of the exhibits. 





Boeing “Loyal Wingman” 

The Loyal Wingman is an Austral- 
ian-developed, artificial intelligence 
based stealthy combat drone under 
development by Boeing in Brisbane, in 
conjunction with the Royal Australian 
Air Force (RAAF) — see Fig.2. 

The unexpected unveiling of this 
system at the show caused quite a stir 
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among industry personnel. 

This is the first high-performance 
military aircraft Australia has made 
since World War II. The Wingman is de- 
signed to fly along with other manned 
aircraft such as the RAAF Boeing E-7A 
Wedgetail airborne early warning and 
control (AWACS) aircraft (see SILICON 
CHIP May 2013) or the RAAF Boeing 
P-8A Poseidon maritime patrol aircraft 
(see SILICON CHIP May 2015). 

It can also fly alongside the RAAF 
F/A-18F Super Hornet or F-35A on 
combat missions, where its role would 
be to take on higher-risk intelligence- 
gathering tasks, surveillance and recon- 
naissance missions in enemy airspace 
and possibly also deliver missiles or 
bombs. 

At 11.7m long and with a range of 
2000 nautical miles (3700km), it is 
expected to cost less than a manned 
fighter. Boeing is spending an undis- 
closed amount of money on the project 
and the Australian Government has 
provided $40 million. The first proto- 
type flight is expected in 2020. 

See the videos titled “Boeing unveils 
its 38ft long autonomous ‘Loyal Wing- 
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man’ drone” via siliconchip.com.au/ 
link/aaoj and “Boeing’s ‘Loyal Wing- 
man’ drone | What the Future” at: 


siliconchip.com.au/link/aaok 


The F-35A and 
RAAF Plan Jericho 


The Air Force is undergoing rapid 
change due to new technology, includ- 
ing the new F-35A fighter aircraft which 
Australia is purchasing (Figs.3 & 4). 
It is regarded as a “fifth generation” 
aircraft. The previous generations were 
as follows. 
¢ The first generation of jet fighters 
were the subsonic jets which first 
took flight in the mid-40s (towards 
the end of WW2 or just after), such 
as the Gloster Meteor and North 
American F-86 Saber. 

Second generation fighter jets were 
unveiled in the mid-50s to early 60s; 
they had afterburning turbojets; for 
example, the Dassault Mirage. 

The third generation were aircraft 
from the mid-60s to early 70s, with 
improved manoeuverability, ground 
attack capabilities and guided mis- 
siles. This includes the McDonnell 
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Fig.1: by any definition, the Avalon Airshow is BIG! This site map shows how spread out the airshow was, and how many 
aircraft were on display, from tiny to enormous. 


Douglas F-4 Phantom II. 

The fourth generation took flight 
from the early 70s to the mid-90s, 
including multi-role aircraft with 
advanced avionics and weapons, 
such as the McDonnell Douglas F/A- 
18 Hornet. 

“Four-and-a-half” generation jets 
were built from the early 90s to 
mid-2000s, and were mostly modi- 
fied fourth-generation aircraft with 


enhanced features such as improved 
radar and infrared signature man- 
agement, helmet mounted sights, 
GPS guided weapons and highly 
integrated systems. This includes the 
McDonnell Douglas F/A-18 Super 
Hornet. 

Fifth generation aircraft have very 
low radar and infrared signatures 
(stealth capability), internal weapons 
bays, vastly improved situational 


awareness and a network-centric 
combat environment. This includes 
the Lockheed Martin F-35 Lightning 
II, which is just starting to enter 
service. 

Fifth-generation fighters are part of 


“network-centric warfare”, which is 
a military doctrine, originating in the 
USA in 1996. This seeks to translate 
information from superior sensors and 
communications into a military advan- 





Fig.2: the Australian-developed Boeing Loyal Wingman autonomous fighter jet on display. 
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Fig.3: a recently delivered RAAF F-35A Lightning II flying 








near RAAF Base Amberley in Queensland. It is a fifth- 
generation fighter jet and an essential element of Plan 


Jericho. 


tage by the use of computer networking 
to distribute that information to one’s 
own geographically dispersed forces. 

The network-centric combat envi- 
ronment of the fifth generation F-35A 
and other current generation platforms 
means that the entire Air Force (and 
indeed the entire military) must be 
optimised to take full advantage of this, 
which culminates with Plan Jericho. 

The Air Force was extensively pro- 
moting this plan at the Avalon airshow. 
Its purpose is to “protect Australia 
from technologically sophisticated and 
rapidly morphing threats”. 

It will use “augmented intelligence” 
to shift the Air Force “from one that 
uses people to operate machines and 
cooperate with other people, to a force 
in which people and machines operate 
together”. 

This plan has four main prongs: 

1) the use of autonomous processing, 
embedding machine processing 
throughout the force, to improve the 





Fig.7: the Boeing Insitu ScanEagle unmanned aerial 


speed and correctness of decisions 
that need to be made during combat 

2) the use of advanced sensors, to detect 
and track enemy targets in difficult 
environments 

3) a “combat cloud”, to integrate and 
distribute resources from across the 
fifth generation force, to further en- 
hance decision-making 

4) human-machine augmentation, to 
optimise performance within an 
ethical, moral, and legal framework 
You can read more about Plan Jericho 


via siliconchip.com.au/link/aaol 


The RAAF EA-18G Growler 


The RAAF had on display its EA- 
18G Growler. Australia has 11 of these, 
based at RAAF Base Amberley, 40km 
south-west of Brisbane (see Fig.5). 

The Growler is an “electronic attack 
aircraft”, designed to disrupt or deny 
enemy radar, sensors and communica- 
tions. It can cause the enemy to receive 
false radar returns or to falsify other 








system, as used by the Royal Australian Navy. 
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Fig.4: an Australian F-35A on the ground. 





data. The Growler is based on the F/A- 
18F Super Hornet airframe and has 
electronic equipment mounted where 
the 20mm cannon would otherwise 
be, plus wing-tip mounted electronics 
pods. 

Nine weapons stations remain 
available for weapons or additional 
electronics pods. 

Further upgrades for the Growler 
are being developed for the US Navy, 
known as REAM (Reactive Electronic 
Attack Measures). 

REAM will add machine learn- 
ing and artificial intelligence to the 
Growler system, and these upgrades 
will probably be offered to the RAAF 
eventually. 

In addition to its electronic warfare 
equipment, the Growler can carry the 
AGM-88 anti-radiation missiles, de- 
signed to home in on and destroy radar 
systems. Plus it can also carry AIM- 
120 medium-range air-to-air missiles 
and AIM-9X “Sidewinder” advanced 





Fig.8: a US Navy ScanEagle in flight. 


siliconchip.com.au 








Fig.5: an RAAF EA-18G “Wild Weasel” electronic 

attack aircraft. The pods contain electronic warfare 
equipment, such as radar and communications jammers. 
“Wild Weasel” refers to any type of aircraft tasked with 
destroying enemy radar and air defence systems. 


short-range air-to-air missiles, both for 
chasing off or shooting down enemy 
aircraft which threaten the Growler. 
See the video titled “RAAF GrowI- 
er delivery complete, report” via 
siliconchip.com.au/link/aaom 











Kelpie Multi-purpose 
Autonomous Ground Vehicle 
AOS is an Australian artificial intel- 


The AOS Kelpie is an autonomous 
ground vehicle (AGV) that has been 
designed as part of the RAAF Plan 
Jericho (see Fig.6). It is an electrically- 
powered, off-road capable vehicle that 
can be used for applications such as 
patrolling a military base perimeter 
or delivery of matériel from a base to 
soldiers on the front lines. 

It uses the iSight intelligent in- 
truder tracking system, capable of 
autonomously tracking and classifying 
subjects of interest and applying facial 
recognition to humans. 








for more details. 


It’s a low-cost system, due to the use 
of standard components, and features 
a collision-avoidance system utilising 
LiDAR (Light Detection And Ranging) 
and an optional radar system. 

It is capable of speeds up to 80km/h, 
can carry up to 100kg, has an onboard 
video camera to transmit live video and 
intelligent software agent technology 
with machine learning and machine 
vision. 

Multiple software “agents” can be 
teamed up to enable multiple Kelp- 
ies to work with each other, and with 
humans. It’s expected to be released 
in 2020. 


ScanEagle 

The Royal Australian Navy (RAN) 
had a Boeing Insitu ScanEagle un- 
manned aerial system on display (also 
used by the Australian Army) — see 
Figs.7 & 8. 

It is a small, American-made re- 
motely piloted aircraft that is in exten- 


Figs.9 & 10: the Schiebel Camcopter S-100 at the RAN display. 
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Fig.6: the AOS Kelpie autonomous ground vehicle on the 
loading ramp of an RAAF C-17A Globemaster III cargo 
aircraft. The RAAF operates eight Globemasters, each with 
a Cargo capacity of 77 tonnes. See SILICON CHIP, May 2013 


*% 


sive use internationally. Its maximum 
takeoff weight is 22kg; it’s 1.55-1.71m 
long (depending on configuration), has 
a 3.11m wingspan and an endurance 
of 12+ hours at an altitude of up to 
16,800ft (5120m). 

It is powered by a 28cc, two-stroke 
engine. It cruises at 50-60 knots (93- 
111km/h) with a top speed of 80 knots 
(148km/h). The payloads are modular, 
and a variety is available, such as elec- 
tro-optical sensors, infrared sensors, a 
Visual Detection and Ranging (ViDAR) 
camera, Maritime Automatic Identifi- 
cation System (AIS) and Identification 
Friend or Foe (IFF) systems. 

The RAN primarily uses the electro- 
optical and infrared payloads. 

It is launched with a pneumatic 
(compressed air) launcher and recov- 
ered by a “Skyhook” retrieval system 
which uses a hook on the end of its 
wingtip to engage a rope hanging froma 
pole, the process being guided by high 
accuracy GPS. 


es 
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Additional Airshow Video 
Shortlinks 


Here are some videos showing some of the 
ule of the show and other information. 
US Air Force Northrop Grumman RQ-4 
Global Hawk unmanned aerial vehicle 
flying in and landing at Avalon. It flew in 
from Andersen Air Force Base in Hawaii, 
and this was the first time one landed at 
an airshow. See the videos titled “Global 
Hawk Achieves Historic First at Avalon 
2019” via siliconchip.com.au/link/ 
aapb and “USAF Northrop Grumman 
RQ-4 Global Hawk UAV Arrival Into 
Avalon Airshow 2019” via siliconchip. 
com.au/link/aapec 

Video of “F 35 F22F 18 Flying InA Close 
Formation First Time Ever In Australia At 
Avalon Airshow 2019’ via siliconchip. 
com.au/link/aapd 

Air-to-air refuelling of RAAF F/A-18 by 
a KC-30A tanker, titled “RAAF KC 30 
Mid Air Refueling Two F 18 At Avalon 
Airshow 2019’ via siliconchip.com. 


e 


au/link/aape 
e RAAF F-35A demonstration, titled 
“RAAF F 35 Power Pack Aerial Display At 
Avalon Airshow 2019” via siliconchip. 

-au/link/a 

Bird strike! USAF C-17 ingests a bird and 
aborts take off. See the video titled “Bird 
Strike | USAF C17 Engine EXPLOSION 
on Takeoff | 2019 Avalon Airshow” via 
Video titled “(4k] 2019 Avalon Air- 
Show: F/A-18 Hornet, F-35A and F22 
Raptor display (RAAF and USAF)” via 
siliconchip.com.au/link/aaph 
Glider display, titled “Johan Gustafs- 
son SZD-59 ‘ACRO’ Display Avalon 
Airshow 2019” via_ siliconchip.com. 
au/link/aapi 
Avalon Trade Day 1 round up, titled 
“Snapshot of Avalon Airshow action 
- Trade Day One’via siliconchip.com. 
au/link/aapj 
Avalon Trade Day 2 round up, titled 
“Avalon Airshow 2019 - Aircraft of Day 
Two” via siliconchip.com.au/link/aapk 
USAF B-52 fly past, titled “Boeing B-52 
Stratofortress evening flypast - Avalon 
Airshow” via siliconchip.com.au/link/ 
aapl 
Australian industry participation in the 
F-35 Joint Strike Fighter Program, video 
via siliconchip.com.au/link/aapm 
An alternate view on the inadvisability 
of incorporating artificial intelligence 
in military platforms, titled “Artificial 
Intelligence: it will kill us | Jay Tuck | 
TEDxHamburgSalon” via siliconchip. 
com.au/link/aapn 
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Fig.11: an airborne laser (LiDAR) 
scan of Melbourne from the RIEGL 
LMS-Q560. 


You can view a video of the land- 
based launch and recovery of a Sca- 
nEagle by the Australian Army in 
Afghanistan, titled “Insitu ScanEagle 
Launch And Capture” via siliconchip. 
com.au/link/aaon 


Schiebel Camcopter S-100 


The RAN also had an Austrian-made 
Schiebel Camcopter S-100 on display. 
It isa helicopter-type unmanned aerial 
system used for shipborne intelligence, 
surveillance and reconnaissance — see 
Figs.9 & 10. 

It’s equipped with a Wescam MX- 
10MS multi-sensor multi-spectral im- 
aging system, that can read the number 
plate of a car from 250m away and it 
also has night-vision capabilities. 

The S-100 has a payload capacity 
of 50kg, is 3.1m long and 1.2m wide 
with a main rotor diameter of 3.4m. 
It weighs 110kg empty and has a 
maximum take-off weight of 200kg, 120 
knot (222km/h) top speed and a cruise 
speed of 100 knots (185km/h) with an 
endurance of 6 hours and ceiling of 
18,000ft (5500m). 

The RAN unit has a heavy-fuel capa- 
ble engine of unknown specifications, 
but the gasoline-powered versions use 
a 41kW Wankel rotary engine. 

The RAN engine uses JP-5 low 
flashpoint heavy fuel (kerosene-based), 
which is typically used as an aviation 
fuel on navy vessels and is safer than 
gasoline. 

This engine can also run on JP-8 
(also kerosene based, but more simi- 
lar to diesel) and Jet A-1, the civilian 
equivalent of JP-8. 

See the videos titled “Schiebel 
CAMCOPTER S-100 - Royal Australian 
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Fig.12: the RIEGL VQ-1560i-DW 
airborne LiDAR scanning system uses 
two different wavelengths for 
enhanced information. It has 
primarily environmental applications. 


Navy Trials” via siliconchip.com.au/ 
link/aaoo and “Schiebel CAMCOP- 
TER S-100 - Heavy Fuel Engine” via 
siliconchip.com.au/link/aaop 








RIEGL laser measurement 


RIEGL (www.riegl.com) make a 
variety of laser-scanning systems that 
enable three-dimensional images of a 
variety of scenes to be built quickly 
from land-based or aerial platforms. 

Applications include scanning ar- 
chaeological sites, architectural sites, 
monitoring land movements (such 
as in landslide-prone areas or glacier 
areas), monitoring city developments, 
monitoring mining sites, monitor- 
ing earth moving works, monitoring 
growth and density of forests and many 
others — see Figs.11 & 12. 


Event-based Neuromorphic 
Space Imaging (Astrosite) 


Neuromorphic imaging, as the name 
implies, is an imaging system modelled 
upon how the human eyes and brain 
register images. 

The human eye tends only to notice 
changes in images rather than reac- 
quire a whole new image each time; 
to do so would be wasteful of mental 
resources (or computational resources 
in this case). 

Western Sydney University’s In- 
ternational Centre for Neuromorphic 
Systems (ICNS), in conjunction with 
RAAF’s Plan Jericho and Defence Sci- 
ence and Technology (DST) group, has 
developed Astrosite, a camera system 
that registers only changes in an im- 
age, just like the human eye and brain 
(see Fig.13). 

It does this in hardware rather 
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Fig.13: the Neuromorphic imaging system, Astrosite, aimed 
at the sky. 


than in software and is thus far more 
computationally efficient, because 
only changes in the image are sent as 
data. Such a system could be used for 
looking for astronomical events such 
as meteorites, monitoring satellite or 
space debris or aircraft movements or 
indeed anywhere where the subject of 
interest changes against a mostly static 
background. 

All pixels in the camera operate 
independently of each other, so it has 
a high dynamic range and objects in 
space can be tracked even during the 
day. See the video via siliconc 
au/link/aaoc 





Phoenix Jet 


The Phoenix Jet is produced by 
the Australian company Air Affairs 
Australia (www.airaffairs.com.au). It 
is an unmanned aerial vehicle (UAV) 
target drone, used as a training aid for 
military personnel, as a realistic target 
for guns or other air defence systems 
(Fig.14). 

It can be recovered via parachute 
for reuse, or it can be destroyed, de- 
pending on what the training exercise 
requires. Typically, it is flown on sev- 
eral training missions where it can be 
recovered before the more expensive 
exercise of destruction is undertaken. 

It has an endurance of 60 minutes, 
can fly at a speed in excess of 330 knots 
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(610km/h), has a range of 100km, a 
maximum altitude of 6000m (19,700ft), 
a maximum launch weight of 66kg, 
an internal payload (such as flares) 
of up to 3.5kg, a jet engine with 40kg 
thrust and is launched by a catapult 
(see Fig.15). 

It can be augmented with a Luneberg 
lens to increase its radar cross section 
(making it easier for air defence radars 
to pick up), an IFF (identification 
friend or foe) transponder, and smoke, 
infrared and acoustic emitters. The 
aircraft is 2.4m long, 2.2m wide and 
740mm tall. See the video titled “Air 
Affairs Australia” via siliconchip.com. 
au/link/aaor 


Titomic Kinetic Fusion 

Titomic (www.titomic.com) is an 
Australian company that specialises 
in additive manufacturing. It has ex- 
clusive rights to a CSIRO-developed 
process known as Kinetic Fusion, 
which involves the cold-gas spraying 
of titanium or titanium alloy onto a 
scaffold (which can be later removed) 
to make components without size or 
shape limitations (Fig.16). 

Titanium is usually very difficult 
and expensive to machine, but this 
process avoids that. It has advantages 
over conventional 3D printing of met- 
als (including titanium) because the 
particles are accelerated and fuse by 





Fig.15 (left): the Phoenix Jet on its 
catapult launcher. 


Fig.16 (right): components produced 
by the Titomic Kinetic Fusion process. 
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Fig.14: the Phoenix Jet target drone. 





collision, amechanical process, rather 
than with heat which means there 
are no problems with oxidation and 
therefore no controlled atmosphere 
is needed. 

Also, the components are fully 
formed; therefore, there is no weakness 
created by bending during fabrication. 
Dissimilar metals can also be fused. 
Very high build rates are possible. 


The Joint Strike Missile (JSM) 
The Joint Strike Missile is a multi- 
role version of the Naval Strike Missile 
developed by the Norwegian company 
Kongsberg Defence & Aerospace (www. 





is a fifth-generation missile, designed 
for internal carriage in the F-35A and 
F-35C jets for anti-ship and land attack 
missions, as well as for external car- 
riage on other aerial platforms. 

According to the manufacturer, it 
has high levels of survivability against 
anti-missile threats, an extremely low 
radar cross-section (stealth), extreme 
sea skimming ability, high lethal- 
ity and it features autonomous target 
recognition. Two JSMs can be carried 
internally in the F-35 with more exter- 
nally (with reduced stealth). 

The project to adapt the missile to 
the F-35 is being funded by Norway 
and Australia. Australia is also fund- 
ing development of a new seeker for 
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the missile, by BAE Systems Australia. 
The missile uses an infrared imager to 
identify targets, but the new seeker will 
add an ability to track targets based on 
their RF signature as well. 

The missile weighs 370kg with a 
120kg warhead, uses an inertial guid- 
ance system, a laser gyroscope and GPS 
for navigation, has a range of greater 
than 150 nautical miles (277km); is 
3.7m long and is powered by a solid 
rocket booster and a Microturbo TRI- 
40 turbojet. 

See the videos titled “NEW AD- 
VANCED MISSILE for F-35 Joint 
Strike Missile JSM to defeat S-500” 
via siliconchip.com.au/link/aaos and 
“NSM - JSM Naval Strike Missile & 
Joint Strike Missile” via siliconchip. 
com.au/link/aaot 





Australian Space Agency 

The recently formed (1st July 2018) 
Australian Space Agency (siliconchip. 
com.au/link/aaou) was present to pub- 





licise their role. The agency defines its 
role as follows: 

“Providing national policy and stra- 
tegic advice on the civil space sector; 
coordinating Australia’s domestic civil 
space sector activities; supporting the 
growth of Australia’s space industry 
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Fig.17: a model of the intermediate-range Joint Strike Missile, 
two of which fit in the F-35A’s internal weapons bays. 








jungle. 


and the use of space across the broader 
economy; leading international civil 
space engagement; administering space 
activities legislation and delivering on 
our international obligations; inspiring 
the Australian community and the next 
generation of space entrepreneurs.” 
SILICON CHIP readers will recall that 
Australia’s first satellite, WRESAT, was 
launched in 1967. This space agency 
has now finally been formed, over 
half a century later! See the article on 
WRESAT in SILICON CHIP, October 2017 
for more details (siliconchip.com.au/ 


Article/10822). 





Amazon Bot 


Amazon Bot was an experimen- 
tal hexapod robot developed by the 
CSIRO, designed to traverse terrain 
with its six legs that a wheeled robot 
could not (see Fig.18). It was also 
designed to be field-deployable and 
easily transported by one person; a 
rarity for most robots. It was tested in 
the Amazon as part of an international 
biodiversity project. 

It used a laser-scanning system and 
camera to “see” and to create a detailed 
map of its environment. It was lost 
in transit back from the Amazon but 
work is underway to create new, more 


Fig.19 (left): Rafael’s Drone Dome 
system can detect a drone up to 3.5km 
away. The system’s radar does not 
rotate, but up to four radars can be 
combined for 360° coverage. It also has 
an optical sensor, a passive RF sensor 
and a jammer unit, plus a laser and a 
control centre with a single operator. 


Fig.20 (right): Drone Dome’s laser 
system for “hard kills”. 
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Fig.18: the Amazon Bot in its natural h 








abitat, the Amazon 


advanced robots that work with others, 
to explore underground environments 
such as caves. 

See the video titled “Data61 in 
the Amazon - a highlights reel” via 
siliconchip.com.au/link/aaov 





Rafael Drone Dome 


Playing on the name of the highly 
successful Iron Dome, Israel’s Rafael 
(www.rafael.co.il) has developed 
Drone Dome to counter enemy or ter- 
rorist drones, especially weaponised 
consumer drones (see Fig.19). 

Terrorists have been known to use 
commercially-available consumer 
drones such as the DJI Phantom, and 
this system can neutralise those by 
either a “soft kill” or a “hard kill”. 

A soft kill is where the communica- 
tion link to the operator, and possibly 
the GPS navigation signal, is jammed. If 
the drone is autonomous and this is not 
possible, then a hard kill is required, 
and this is effected by a powerful, 
weapons-grade laser (Fig.20). 

The system detects the hostile drone 
with aradar and camera and can detect 
a target as small as 0.002m? at a dis- 
tance of 3.5km. The system operator 
determines whether to destroy a hostile 
drone by soft or hard kill techniques. 
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The Most Affordable World-Class 
PCB Fabrication & Assembly Services 


PCBCart is a China-based full feature PCB production solution provider. With over ten 
years’ experience on fabrication and assembly of all kinds of PCBs, we're fully 
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units, for 360° coverage. 


The entire system can be mounted ona 
vehicle if necessary (see Fig.21). 

Other counter-drone systems exist, 
but almost none of these have the hard 
kill capability of Drone Dome. Another 
counter-drone system with hard kill ca- 
pability is the Israeli General Robotics 
Pitbull AD (siliconchip.com.au/ink/ 
aaow) which uses a 5.56mm or 7.62mm 
machine gun to destroy drones and has 
other capabilities as well. 

See the videos titled “Rafael ‘Drone 
Dome’” via siliconchip.com.au/link/ 
aaox (showing the destruction of a 
drone with the laser), “Rafael’s Horow- 
itz: Drone Dome’s Light Beam Helps It 
Quickly Defeat Long-Range Threats” 
via siliconchip.com.au/link/aaoy (an 
interview) and “Drone Dome 360° air- 
space defence against hostile drones” 


via siliconchip.com.au/link/aaoz 


Iron Dome 

Rafael (www.rafael.co.il) had other 
offerings on display, including Iron 
Dome, which is a missile system de- 
signed to intercept and destroy incom- 


a 
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Fig.21: Drone Dome in a mobile application with four radar 


= 





_ 


Barcelona. 


ing enemy rockets and artillery shells 
(Fig.25). 

It has an operating range of 4-70km. 
In military parlance, it is known as 
a C-RAM system for Counter Rocket, 
Artillery and Mortar. 

Iron Dome is combat-proven with 
over 1500 successful interceptions 
since it was introduced in 2011. 

It is the only such combat-proven 
system in operation in the world. Its 
missiles are guided toward an airborne 
threat and they explode in its vicinity, 
to detonate the incoming warhead 
outside the defended area. 

During flight, the Iron Dome inter- 
ceptor receives trajectory updates from 
a Battle Management Centre via a data 
link. It is designed only to intercept 
threats heading toward the defended 
area, as it is pointless intercepting a 
threat that will land in an unoccupied 
location. 

See the videos via siliconchip.com. 
au/link/aap0 and siliconchip.com.au/ 
link/aap1 C-Dome is a sea-based vari- 
ant of the Iron Dome designed to protect 
ships and other maritime assets. 

Iron Dome is part of a multi-level air 
defence system being developed or in 


Fig.25 (left): an Iron Dome missile on 
display at the Airshow. It is used for 
intercepting inbound rockets, artillery 
and mortar rounds. 


Fig.26 (right): a Freespace FS1 giant 
racing drone. It is 1.3m tall and 
weighs over 25kg, with a top speed 
of 220km/h. The drone is shown in 
its flight orientation, with its wings 
aligned with the direction of airflow 
from the rotors. 
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Fig.22: the giant Freespace drone racing course in 











operation, which combines it with the 

following additional systems: 

¢ Iron Beam, a defensive laser weapon 
designed to shoot down short-range 
rockets, artillery, and mortars which 
are too small or too close for Iron 
Dome, with a range of up to 7km 

¢ Barak 8, jointly developed with 
India, which is a point-defence 
system which can defend against 
any airborne threat such as aircraft, 
helicopters, anti-ship missiles, UAVs 
and ballistic missiles with a range of 
500m to 100km 

¢ the Arrow 2 anti-ballistic missile 
(ABM) system with a range of 90km- 
150km 

¢ David’s Sling, which is designed 
to intercept enemy planes, drones, 
tactical ballistic missiles, medium 
to long-range rockets and cruise mis- 
siles at ranges of 40-300km 

¢ the Arrow 3 ABM with a range 
thought to be about 2400km 


Freespace giant drone racing 
Freespace Drone Racing (https:// 





siliconchip.com.au 









freespaceracing.com) is an Australian 
company that is involved in develop- 
ing the sport of drone racing and ad- 
vancing it to a higher level. They have 
developed racing drones that are of a 
“siant” size, making them suitable for 
commercial sponsors, due to the avail- 
ability of easily-seen advertising space 
on the drone bodies. 

The large size also makes them much 
more visible to viewers. Anyone who 
has watched a conventional drone race 
will realise that they can be tough to see 
due to their small size and high speed. 

Freespace have developed a racing 
“experience” geared to Millenials and 
Generation Z and have also entered into 
an agreement with FAI, the World Air 
Sports Federation, the international 
governing body for air sports and also 
Greyhound Clubs Australia to utilise 
their tracks for racing (Fig.22). 

The Freespace-developed FS500- 
class drone is 500mm long, weighs un- 
der 2kg, has a top speed of 120km/h and 
a 0-100km/h time under one second. 

They are also developing the FS1 
which is 1300mm long, weighs over 
25kg, has a top speed of 220km/h and 
a 0-160km/h time under four seconds. 
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Fig.23: a video screen grab showing the automatic 
identification of sharks and a surfer. The system can 
distinguish between sharks, whales and dolphins, even 
though the shapes may be quite indistinct. 


Giant drone racing is somewhat remi- 
niscent of the pod races from the movie 
“Star Wars: The Phantom Menace”. See 
the video titled “Giant Drone Exhibi- 
tion Race - FS500 - FAI 2018 BDWC 
F3U” via siliconchip.com.au/link/aap2 





Westpac Little Ripper 
Lifesaver 


The Westpac Little Ripper Lifesaver 
(https://thelittleripper.com.au) is the 
name given to not one unmanned 
aerial vehicle (UAV) or drone but a 
suite of them, used for search, rescue 
and lifesaving operations. 

SharkSpotter was developed with 
the University of Technology, Sydney 
(UTS) and uses artificial intelligence 
to detect sharks. A UAV flies around 
the protected area and if sharks are 
detected, it can hover over the loca- 
tion and emit an audible warning for 
swimmers to vacate the water. Sharks 
can be identified with an accuracy of 
90% (see Fig.23). 

The system can be fitted to a helicop- 
ter or hexacopter UAV (Fig.24) or any 
other type of UAV. See the videos titled 
“Little Ripper Lifesaver Drones Spot 
Sharks Electronically” viasiliconchip. 
com.au/link/aap3 and “‘Little Ripper’ 








Fig.27: Opticor lightweight transparent 
armour from PPG Industries. 


Fig.28: Farbod Torabi (L) and Lachlan 
Cunningham (R) from the Monash 
UAS team, with their highest-ranking 
UAV from the 2018 UAV Medical 
Express competition. The wings 
provide lift for forward flight while the 
four rotors allow for vertical takeoff 
and landing. 
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Fig.24: the Little Ripper is a hexacopter which can carry a 
rescue pod, slung beneath it towards the rear. 






drone to spot sharks and save lives 
in Australia” via_siliconchip.com.au/ 
link/aap4 

Little Ripper Lifesavers can also be 
used to drop rescue packages, called 
“pods”, to distressed persons. 

Pods are specialised for marine, land 
or snow rescues and can contain items 
like an automatic external defibrillator, 
water activated personal floatation 
device, electromagnetic shark repellent 
or personal survival kits containing an 
EPIRB, water, thermal blanket, radio, 
first aid etc. 

The world’s first rescue with a UAV 
was at Lennox Head (NSW) in January 
2018. See the video titled “Westpac 
Little Ripper - Lennox Heads rescue” 
via siliconchip.com.au/link/aap5 

Two more videos on the Little Rip- 
per can be seen via siliconchip.com. 
au/link/aap6 and siliconchip.com.au/ 
link/aap7 

There are opportunities to become a 
Little Ripper Lifesaver pilot. See their 
website (link above) for details. 


Monash UAS 


Monash UAS isa student-run organi- 
sation at Monash University that de- 
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Black Kite on the right. 


signs, builds and competes with UAVs. 

They had on show their highest- 
scoring entry from the 2018 UAV 
Medical Express Challenge (https:// 
uavchallenge.org/) — see Fig.28. 

The mission was to “retrieve a blood 
sample from Outback Joe at his farm 
and in doing that they had to land 
within 10m of a visual target. 

Their aircraft had to fly at least 12 
nautical miles from the Base of opera- 
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Fig.29: the RMIT UAS Research Team dis 





play, with the 


tions to Joe’s farm, and back (24 nautical 
miles in total, which is approximately 
44.5km).” 

You can follow the UAS team on 
Facebook at www.facebook.com/ 
MonashUAS/ 


RMIT UAS Research Team 


The RMIT UAS (unmanned aerial 
system) Research Team (http://ruasrt. 
com) is a multidisciplinary research 
team that conducts research into “the 
critical technical, operational, social 
and safety challenges facing the emerg- 
ing UAS sector”. 

One of their offerings was the Black 
Kite, an all-weather UAS that can oper- 
ate in harsh environments including 
winds up to 40 knots (74km/h), is 
suitable for use in a maritime environ- 
ment, has a 3.5kg payload capacity, a 
25 minute flight time, 3.5km range, is 
capable of ditching in water and has a 
dash speed of up to 50 knots (93km/h) 
— see Fig.29. 

Its standard payloads include a UAV 
Vision CM132A imaging system with 
30x optical zoom (3x optical zoom for 
infrared) and a two-axis gimbal; and 
a Foxtech Seeker-30 imaging system 
with 30x optical zoom and a three- 
axis gimbal. 


HyperHalo drone 

The HyperHalo (www.hyperhalo. 
com) is an Australian-developed 
petrol-powered drone that can carry 
a payload of up to 10kg and has a 
four hour flight time, or longer with 


Fig.33 (left): a space suit, as currently 
used on the International Space 
Station. 


Fig.34 (right): the Generation III 
combat helmet. 
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Fig.30 (above) and 31 (opposite): the Australian-developed 
HyperHalo petrol-powered drone. It can carry a payload of 
up to 10kg and has a four hour flight time, 


a lighter payload. It weighs 13.5kg 

empty, has an engine capacity of 26- 

32cc and a rotor width of about 2m 

(see Figs.30 & 31). 

In addition to its uniquely long 
endurance for a vertical lift drone, it 
has other features such as virtual thrust 
vectoring due to its three variable 
pitch “thrust rotors”, one of which is 
located beneath each of the three vari- 
able pitch main rotors (Fig.32). This 
gives unprecedented control of the 
vehicle, and it can fly fast in forward 
flight and is very stable in adverse 
wind conditions. 

It has three flight modes: 

* aeroplane mode, where it operates 
similarly to an aircraft with bank, 
roll, pitch and yaw authority; 

* helicopter mode, where it can oper- 
ate with pirouette and high-torque 
yaw authority; and 

¢ UFO mode, where the drone oper- 
ates in a combination of aeroplane 
mode and helicopter mode, with the 
addition of virtual thrust vectoring. 
In the event of an engine failure, 
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the drone will auto-rotate to land 
like a traditional helicopter; a regular 
vertical-lift drone without variable 
pitch rotors cannot do this. 


Spacesuit 

A NASA space suit or “Enhanced 
Extravehicular Mobility Unit” was on 
display at the Collins Aerospace stand, 
as used on the Space Shuttle and the 
International Space Station (Fig.33). 

Each suit can protect against mi- 
crometeoroids travelling at up to 
27,000km/h, temperatures between 
-156°C and 121°C, contains 91m of cool- 
ant tubing and comprises 18,000 parts. 

The suit is manufactured by ILC 
Dover and its life support systems by 
the Collins subsidiary of UTC Aero- 
space Systems. 


Generation III combat helmet 
The Smart Think company (https:// 
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Fig.32 (right): a close-up view of the HyperHalo rot 





or 

mechanism. 
thesmartthink.com) is an Austral- 
ian/Singaporean venture to produce 
state-of-the-art defence products and 
is working with Deakin University’s 
Institute for Frontier Materials (www. 
deakin.edu.au/ifm) and the Defence 
Materials Technology Centre (DMTC; 
www.dmtc.com.au) to produce a 
Generation III combat helmet for the 
military. 

The helmet is offered in two differ- 
ent materials: UHMWPE (ultra-high 
molecular weight polyethylene) or 
aramid (commonly known by the 
tradename Kevlar) — see Fig.34. 

The key advantage of these helmets 
is that they can be manufactured in 
an automated fashion, without splic- 
ing the fibre layers, which is usually 
required in highly curved composites 
made of these materials, because they 
are so stiff and difficult to form at 
tight radii. 

The ability to manufacture with 
single sheets of reinforcement results 
in significant reductions in weight, 
reduced deformation on impact and 
gives improvements in structural per- 
formance and quality control. 


FORTIS exoskeleton 


FORTIS is a passive (non-powered) 
exoskeleton device produced and sold 
by Lockheed Martin, designed to as- 


Fig.35 (left): the FORTIS exoskeleton 
enables workers to hold heavy tools 
(up to 16kg) effortlessly and results 
in greatly reduced muscle fatigue. 
Deakin IISRI researchers are looking 
at ways to extend its capabilities. 


Fig.36 (right): a model of the SB-1 
helicopter. 
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sist workers to handle heavy tools by 
transferring the load directly through 
the exoskeleton to the ground. 

It works via a system of counter- 
weights to keep the worker steady, 
and was initially designed for frontal 
loads only (Fig.35). 

Lockheed Martin has partnered 
with the Institute for Intelligent Sys- 
tems Research and Innovation (IISRI) 
at Deakin University to extend the 
capability of the device, to allow the 
carriage of large posterior loads such 
as oxygen tanks and heavy backpacks 
over 30kg for the mining industry, and 
in particular, diamond mining. 

IISRI’s research involves the design 
and fabrication of attachments via 3D 
printing and determining stress and 
strain distribution within them via 
computational methods. 

This is followed by human perfor- 
mance analysis involving mobility 
assessment, load transfer and safety 
with techniques such as motion track- 
ing, electromyography, biomechanics 
and electrocardiogram measurements. 


Sikorsky-—Boeing 
SB-1 Defiant helicopter 


The Sikorsky—Boeing SB-1 Defiant 
helicopter was presented at the air- 
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Pe : Fig.38: a close-up of the engine in the civilian version of 


Aerosonde. 


Fig.37: the Textron Systems Aerosonde HQ SUAS is 
visible at the top of this photo. It has four vertical lift 
rotors for vertical takeoff and landing, plus wings and a 


pusher prop for forward flight. 


show as ascale model. It is atwin-rotor 
design with a pusher propeller. It is 
still under development — see Fig.36 
and the video titled “Sikorsky - Boeing 
Future Vertical Lift: The Way Forward” 


avi: siliconchip.com.au/link/aap8 


VTOL kit for 
Textron Aerosonde 


Aerosonde Pty Ltd was an Austral- 
ian-owned company, but it is now 
owned by Textron Systems in the USA 
(it still has Australian headquarters). 
The original Aerosonde company is 
now called Textron Systems Australia 
Pty Ltd. 

It is offering a vertical take-off and 
landing (VTOL) kit to existing custom- 
ers of their Aerosonde SUAS (small 
unmanned aerial system). 

The platform becomes the Aero- 
sonde HQ (Hybrid Quadrotor) after 
the addition of the conversion kit, 
which consists of twin booms, each 
with two vertical lift rotors and bat- 
teries (Fig.37). 

Once the aircraft is in forward flight, 
the four rotors rotate to align with 


a 
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the flight direction, to minimise air 
resistance. 

It has a Lycoming EL-005 75cc heavy 
fuel engine, allowing it to make a tran- 
sition from vertical to forward flight at 
around 15-50m altitude and giving an 
endurance of eight hours with a 4.5kg 
payload, a service ceiling of 10,000ft 
(3000m) and a cruise speed of 45-65 
knots (83-120km/h). 

Aerosonde UAVs (not necessarily 
the HQ model) are used by many cus- 
tomers including the Australian Army, 
the US Marine Corps, US Air Force 
and US Special Operations Command. 
They also have commercial users such 
as the oil and gas industry (Fig.38). 

Applications include day and night 
full-motion video capture, communi- 
cations relay and special intelligence 
payloads; these can all be conducted 
on the one flight if necessary. 

See the video titled “Aerosonde HQ 


Advantages” via siliconchip.com.au/ 
link/aap9 


Raytheon Coyote 


The Raytheon Coyote is a low-cost, 
tube-launched expendable unmanned 
aerial system that is also capable of 


Fig.39 (left): the Raytheon Coyote, a 
low-cost, tube-launched expendable 
unmanned aerial system. 


Fig.40 (right): a member of the Army 
drone racing team at the Drone Arena 
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being launched in multiple units as a 
“swarm” (see Fig.39). This is known 
as LOCUST (LOw-Cost Uav Swarm 
Technology). 

Coyote can be used to destroy other 
unmanned aerial systems using a seek- 
er and warhead, or can be launched as 
a swarm for intelligence, surveillance 
and reconnaissance duties. It has also 
been used to acquire information about 
hurricanes. 

See the video titled “LOCUST Demo” 


via siliconchip.com.au/link/aapa 


Australian Army, Navy and 
Air Force drone racing teams 

A drone racing program was hosted 
at the Airshow with teams from the 
Army, Navy and Air Force, plus a New 
Zealand military team as well as some 
others (Fig.40). 

The events were held in a 10,000m? 
arena. Drone racing is authorised and 
even encouraged by the Australian 
Army and the first ever Military In- 
ternational Drone Racing Tournament 


(www.army.gov.au/MIDRT) was held 
in Sydney in October 2018. 
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But wait: there’s MORE! 








There’s a wide range of audio processing tasks this project can handle. 
Yes, it uses DSP to provide an 8-channel parametric equaliser, so you 

can adjust frequency response to exactly the way YOU want it with 
really low distortion and noise. Or you can use it to “Biamplify” a pair of 
speakers. Or you can simply use it to experiment with any audio signal. 
And with its modular design it’s even ready for future expansion. 


















et’s face it: most tone 
i controls don’t give you 

a huge amount of 
control! Sure, you can 
boost or cut the treble and £ 
bass — but only centred 
on particular frequen- 
cies. Sure, you can 
adjust the level 
between chan- 
nels. But that’s 
just about it. 

Wouldn’t you like 
to have TOTAL control over your sound system? You need 
this active crossover/DSP/Parametric Equaliser. It simply 
slots in between your sound source (no preamp required) 
and your amplifier (if your amp has tone controls, simply 
leave them “flat”). 

We've published active crossovers before (the latest in 
September & October 2017), and DSP-based projects before 
(October 2014), but this is the first time we’ve combined 
both concepts. 

This is also the first time that we’re publishing a digital 
signal processor that’s truly high fidelity, as it has a very 
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\ low total harmonic distortion 
\ figure of around 0.001%. 

} This unit takes a stereo 
audio signal and splits 
mit up into two separate 
audio signals, with two 
output channels con- 
taining only the 
high frequen- 
ies and the 
other two, the 
w frequencies. 
hese can then be fed 
to separate stereo amplifiers, with one amplifier driving 
the tweeters and the other driving the woofers. The signals 
combine in the air to give an accurate reproduction of the 
original audio signal. 

This avoids the need for passive crossover circuitry, 
which can reduce sound quality, and allows for higher 
total power output, due to each amplifier only having to 
handle part of the audio signal. It can be tweaked to per- 
fectly suit the drivers and cabinet used, as DSP allows for 
the crossover parameters to be set precisely and identically 
between the left and right channels. 





siliconchip.com.au 





Since the chip is already processing the 
digital audio data, we’ve also provided 
some parametric equalisation,-so that you 
can modify the frequency response of the 
unit to compensate for any deficiencies in 
your drivers, cabinet, placement, room etc. 

Basically, you can tweak the sound 
profile to be exactly the way you like 
it, and without any further degradation 
to the audio signal, since it’s only con- 
verted from analog to digital and back 
to analog once, no matter how much 
additional processing is done in the 
digital domain. 


What the Active Crossover does 
LEVEL ADJUSTMENT 


LEVEL WOOFER 





<—— <«<——> FREQUENCY 
SUBSONIC FILTER CROSSOVER 
(OPTIONAL) FREQUENCY 


Fig.1: this two-way active crossover splits a signal with a 
spectrum covering the entire audible frequency range into 
two signals, one with the components above the crossover 
frequency and the other, the components below it. The 
optional woofer high-pass filter removes subsonic signals. 


Fig.1 shows what the unit does. This shows the spec- 
trum of an audio signal, with the frequency increasing 
left-to-right, from the lowest frequency that we can hear 
to the highest. The level of each component of this signal 
is shown in the vertical axis. 

The blue area shows the signals which are extracted from 
the input to be sent onto the tweeter, while the mauve area 
shows those which go to the woofer. Signal components 
which fall in the crossover zone in the middle go to both 
outputs, although at reduced levels, so that they add up in 
such a way to give the original signal levels. 

Since this active crossover is adjustable, you can set 
the crossover frequency to be at the ideal point for your 
loudspeaker. You can also adjust the steepness of the roll- 
off, as shown by the dotted lines, as different roll-off rates 
suit different situations. 





There’s also an optional subsonic filter, so that very low 
(inaudible) frequencies, or those which are too low for 
the woofer to reproduce, are eliminated and do not waste 
your amplifier power or possibly damage your woofer. Its 
frequency is also adjustable. (This is essential for vented, 
horn loaded and infinite baffle speakers). 

The relative levels of the woofer and tweeter can also be 
adjusted, to compensate for differing driver efficiencies or 
amplifier gains, and although it isn’t shown on the diagram, 
you can also delay one channel slightly relative to the other, 
to give proper ‘time alignment’. 

The four parametric equalisation channels are not shown 
in Fig.1, but essentially, each can be configured as either 
a high-pass or low-pass filter with adjustable stopband 
attenuation and corner frequency. This allows you to 
‘shelve’ frequencies above or below a specific frequency, 
or between or outside a pair of frequencies, to shape the 
overall frequency response at all four outputs. 

The Active Crossover is used as shown in Fig.2. It’s 
connected between the stereo outputs of a preamp and 
four power amplifiers which power the four loudspeaker 
drivers independently. 

Note that you don’t need to use a preamplifier as this 
Active Crossover has a built-in volume control, so you can 
use it as a basic preamp too. In that case, the signal source 
is connected directly to the Active Crossover’s inputs. 


Why use an active crossover? 

There are a few reasons why you may want to use an 
active crossover. Firstly, if you are building speakers from 
scratch, it’s probably easier to use an active crossover than 


LEFT 
WOOFER 


RIGHT 
TWEETER 


LOW PASS FILTER 


Fig.2: here’s how the Active Crossover 
forms part of a bi-amplified hifi system. 
The preamplifier is optional in this case since this Crossover has a built-in volume control. 
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RIGHT 
WOOFER 


2-WAY ACTIVE CROSSOVER 
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POWER SUPPLY & 
SIGNAL ROUTING 


9V AC PLUGPACK 
OR 9-0-9V MAINS 
TRANSFORMER 


Fig.3: the Active Crossover is built from a modular DSP system. It uses seven 
boards: one stereo ADC, two stereo DACs, a CPU board, LCD, power supply/ 
routing module and front panel control board. 





design a passive one, since you can 
easily experiment with it and change 
the crossover frequency/frequencies, 
relative amplitudes and so on until it 
sounds ‘right’. 

Also, if you’re building a seriously 
powerful system with big amplifiers 
and big speakers, it’s difficult to de- 
sign a passive crossover to handle all 
that power. 

Since an active crossover is con- 
nected before the amplifiers, and the 
amplifiers can then power the drivers 
with nothing in between, efficiency 
is maximised and you can deliver as 
much power as your amplifiers and 
drivers can handle. 

Depending on the speaker design, 
you may also wind up with better 
overall sound quality using an active 
crossover than a passive one. Partly 
this is because it’s hard to create a 
very ‘steep’ passive crossover, which 
crosses over across a small] frequency 
range, but this is relatively easy to do 
with an active crossover. 

Also, when using an active crosso- 
ver, especially a digital one, because 
you have separate line-level signals for 
the tweeters and woofers, it is possible 
to compensate for the slightly different 
distance from each diaphragm to the 
listener by delaying one of the signals. 

The exact delay required depends 
on the driver and cabinet design; it’s 
tough to achieve perfect ‘time align- 
ment’ mechanically, so being able to 
adjust this electronically is a boon. 
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Another advantage of an active 
crossover is that if you drive the system 
into clipping, usually this will be due 
to a huge bass signal. With a single 
amplifier for each of the left and right 
channels, that means that the treble 
signal will be clipped off entirely 
each time the bass signal hits one of 
the rails. That can sound really bad. 

But with bi-amplification, even if 
you're clipping the bass signal, since 
most of the treble is going through a 
separate amplifier, it won’t be affected. 
The result will still not be ideal, but 
won't sound anywhere near as bad; be 
thankful for small mercies! 

Basically, except for the extra com- 
plexity that comes with the use of an 
active crossover, there are only benefits 
to this arrangement. It’s much easier 
to adjust and tweak to give near-ideal 
sound quality, has minimal effect on 
signal quality or speaker power han- 
dling and can be adapted to any two- 
way loudspeaker system, as long as 
you can wire up each driver separately. 


Modular design 


This DSP Crossover is built by 
combining several different modules, 
each with a specific function. It was 
designed this way so that it could be 
reconfigured to do many different au- 
dio DSP tasks. In fact, with the same 
hardware but different software, it 
could be used for a variety of audio 
processing tasks such as echo/reverb/ 
effects, equalisation, delay and so on. 
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The basic configuration is shown 
in Fig.3. It uses seven main boards: 
one stereo analog-to-digital converter 
(ADC) board, two stereo digital-to- 
analog converter (DAC) boards, a mi- 
croprocessor board, a power supply/ 
signal routing board and a front panel 
interface board. These are rounded 
out with a graphical LCD module for 
display, and a mains transformer to 
power it. 

Interconnections are made between 
the boards with ribbon cables fitted 
with standard insulation displacement 
(IDC) connectors. This is a convenient 
and easy way to join boards where 
multiple signals and power need to 
be routed between them. 

Audio signals are fed into the unit 
via the ADC board where they are con- 
verted to digital data. This data passes 
through the power supply/routing 
board and onto the microcontroller, 
which stores it in RAM before doing 
whatever processing is necessary. 

It then feeds this data back out 
through a different set of pins, again 
as serial digital audio data, where 
it passes back through the routing 
board and onto one (or both) of the 
DAC modules. The DAC modules then 
convert these digital signals back into 
line-level analog signals which are 
available from two RCA connectors 
on the rear panel. 

The microcontroller board is wired 
directly to the graphical LCD, so it can 
show the current status and provide 
the user interface, while the separate 
front panel control board connects to 
the micro via the routing board, allow- 
ing the user control over that interface. 

The whole thing is powered from 
a 9V transformer, which could be a 
plugpack or mains type. If a mains 
transformer is used, it would generally 
be an 18V centre-tapped (9-0-9V) type, 
to give full-wave rectification. 

But half-wave rectification, as 
would be the case with most plugpacks 
(as they usually have a single second- 
ary winding), is good enough. 


Circuit description 

Let’s start with the place where 
the audio signals enter the unit, the 
ADC board. The circuit diagram for 
this board is shown in Fig.4. It’s built 
around an ultra high-performance 
ADC, the CS5361 (IC1), which has a 
dynamic range of 111dB and a typical 
THD+N figure of 0.001%. 

There is a compatible alternative, 
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There’s a new hero in town: the MPLAB® PICkit™ 4 In-Circuit Debugger. Available 
at the same low price as its predecessor—the popular PICkit 3 debugger —it 
enables faster programming and offers more functionality for easy debugging of 
the full range of PIC® microcontrollers and dsPIC® Digital Signal Controllers with 
Flash memories. To boost your application development, the MPLAB PICkit 4 
debugger includes these key features: 


* Uses powerful graphical user interface of MPLAB X Integrated 
Development Environment 





* Wide target voltage of 1.20-5.5V; target power of 50 mA MPLAB PICkit 4 
* Matches the silicon clocking speed to provide the fastest programming possible eee 


Connects to PC using Hi-Speed USB 2.0 interface 
* Programmer-to-Go (PTG) support with an SD™ card slot to hold program data 


Contact Information 

Microchip Technology Australia 
Email: aust_nz.inquiry@microchip.com 
Phone: +61 (2) 9868-6733 


microchip.com/PICkit4 RX 
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then fed into analog-to-digital converter chip IC1. 


the CS5381, which offers even lower distortion. 

The stereo line-level audio signals are fed in via RCA 
sockets CON1a & CON1b. They pass through ferrite beads 
with 100pF capacitors to ground, both intended to remove 
any RF signals, either from the signal source or picked up 
in the connecting leads. As the two channels are processed 
identically before they reach the inputs of IC1, we'll just 
describe the left channel path. 

The audio signal is then AC-coupled to non-inverting 
input pin 3 of op amp IC2a, an NE5532 low-noise, low- 
distortion device. Schottky diodes D1 and D2 prevent 
excessive voltages from being applied to this op amp, eg, 
inductive spikes generated by lightning or from incorrectly 
connected equipment. A 100kQ resistor to ground provides 


30 SILICON CHIP 


IC3b a 


5 | E5532 


Fig.4: the circuit of the ADC board. The two single-ended 
input signals are filtered and converted into balanced signals, 


Its digital output signal is fed to a ribbon cable via CON2 and onto the microcontroller DSP board. 
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a path for direct current to flow out of that input pin. 

IC2a buffers the signal, providing a low-impedance 
source for the following filters. The signal is then fed to op 
amp IC2b, an inverting amplifier with a gain of -1, due to 
the use of two resistors of the same value in the feedback 
network. 

A 33pF capacitor across the resistor between pins 7 
(output) and 6 (inverting input) rolls off the ultrasonic 
frequency response to provide stability. 

The reason for this inverting stage is that the ADC chip 
(IC1) is a differential design, so for both the left and right 
channel inputs, it expects two signals, one 180° out of phase 
with the other. The in-phase signal comes from the output 
(pin 7) of IC2b, while the out-of-phase signal is taken di- 
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rectly from the output (pin 1) of the preceding buffer, IC2a. 

It may seem odd that the in-phase signal comes from 
the output of the inverter, but this is because the follow- 
ing filter stages are also inverting, so it will end up with 
the same phase as the inputs, while the other signal will 
be out of phase. 

Both signals are then fed through identical buffer/filter 
arrangements, built around IC4a and IC4b. These filters are 
similar to what is recommended in the CS5361 data sheet 
(Figure 24), but not exactly the same. The data sheet says: 

“The digital filter will reject signals within the stopband 
of the filter. However, there is no rejection for input signals 
which are (nx6.144 MHz) the digital passband frequency, 
where n=0,1,2, ... Refer to Figure 24 which shows the sug- 
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gested filter that will attenuate any noise energy at 6.144 
MHz, in addition to providing the optimum source imped- 
ance for the modulators.” 

The main difference between our circuit and the recom- 
mended circuit is that ours is inverting. While inverting 
amplifiers introduce more noise than non-inverting ampli- 
fiers, inverting amplifiers can have lower distortion due 
to their near-zero common mode voltage. Also, the use of 
inverting amplifiers allows us to easily provide a slightly 
different DC bias to the two signals. 

This is done one by connecting a low-value resistor 
(8.2Q) between the non-inverting input pins (pins 3 & 5) 
of op amps IC4a/IC4b, which are in series with a divider 
across the supply rail (10kQ /10kQ.). 
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DAC BOARD CIRCUIT 


The reason for DC biasing the two differential inputs 
differently is to overcome a potential problem with analog- 
to-digital converters, that when the signal is near the ‘zero 
point’, the binary values at the output tend to flip between 
all zeros and all ones. This can cause digital noise at the 
worst possible time — when there is near silence at the inputs. 

By adding a slight DC offset, the zero point is moved such 
that any small amount of noise will only cause a few bits 
to flip. That offset is removed by digital filtering inside the 
ADC chip. While modern delta-sigma ADCs do not suffer 
from this problem anywhere near as severely as early ADCs, 
this solution is cheap insurance to guarantee that the bit 
flipping problem does not affect us. 

The bottom end of the divider which produces the half- 
supply bias rails is bypassed with 10uF and 100nF capaci- 
tors, to reject any noise and ripple that may be on this rail 
and prevent it from getting into the signal path. The ADC 
runs from its own regulated 5V rail which should be pretty 
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Fig.5: the DAC board does the opposite of the ADC board, converting the digital 
audio signals from the microcontroller back to balanced analog signals, then 
converting these to single-ended audio signals so they can be fed to stereo RCA 
output connector CON4. 





‘quiet’. But this is a very high-performance ADC, so it isn’t 
worth taking any risks in feeding noise into its inputs. 

The 91Q series resistors at the op amp outputs protect 
the ADC from excessive voltages. The op amps run from: 
+9V while the ADC runs from 5V, so the op amps outputs 
can swing beyond both of the ADC supply rails. But since 
the op amp feedback comes from after this resistor (ie, it’s 
inside their feedback loops), the output impedance is still 
very low, and the frequency response is flat. 

Schottky diodes D5, D6, D9 & D10 help to further protect 
the ADC inputs, by conducting if the op amps try to drive 
the ADC inputs below -0.3V or above +5.3V. This prevents 
any standard silicon devices (eg, transistors or diodes) inside 
IC1 from conducting due to an excessive input voltage, as 
usually this will only happen once the applied voltage is 
more than 0.6V beyond the supply rails. 

The 91Qresistors also combine with a 2.7nF capacitor 
across the differential inputs of IC1, to provide some further 
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100nF 


differential filtering, to keep out any signals at 6.144MHz 
or above (the ADC’s internal clock rate), which could affect 
the signal quality through aliasing. 


Analog to digital conversion 


The stereo differential signals are applied to input pins 16, 
17, 20 & 21 of IC1. There are some extra components con- 
nected to this IC, which are required for its correct operation. 

It has two internal reference voltages, which are fed to 
pins 22 (VQ or quiescent voltage) and 24 (FILT+) and these 
need to be externally bypassed to ground via capacitors. We 
have provided two capacitors to filter each of these rails, 
10nF in both cases, plus 220yF for FILT+ and 1pF for VQ. 
The use of two different values provides a lower impedance 
across a broader range of frequencies. 

IC1 has three different supply pins: VA (pin 19) for the 
analog 5V supply, VD (pin 6) for the digital 5V supply and 
VL (pin 8) for the 3.3V logic/interface supply. The supply 
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arrangement is described below. 

Pin 1 is IC1’s reset input, and this is connected to the 
logic supply via a diode and resistor, and to ground via a 
capacitor. This forms a power-on reset circuit. Initially, the 
capacitor is discharged and so the reset input is low, resetting 
IC1. This capacitor then charges up via the 10kQ resistor 
and releases reset after a few milliseconds. When power 
is switched off, the capacitor rapidly discharges via D13. 

This reset pin is also connected to pin 2 of CON2, which 
is routed to the microcontroller, so it can reset IC1 after 
power-up if necessary. 

Pin 2 selects either master mode (when high, ie, IC1 
drives the digital audio clock lines) or slave mode (when 
low, ie, IC1 is clocked externally). This is connected directly 
to ground since the audio clock signals are supplied from 
the microcontroller via pins 12, 14 and 16 of CON2. These 
connect to pins 5, 3 and 4 of IC1 respectively, and in slave 
mode, these are the clock inputs. 
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Pin 5 (MCLK) is the master (oversampling) clock, which is 
typically around 12.288MHz, ie, 48kHz x 256. This is used 
to clock the ADC modulator and other internal circuitry. 
Pin 3 is the left/right clock or sample clock, and this is 
usually at around 48kHz. When it is high, the serial data 
pin is normally carrying left audio channel data when it 
is low, right audio channel data. 

Pin 4 is the sample clock and this clocks the serial data 
itself. It usually operates at the sampling rate times the 
number of channels, eg, 48kHz x 2 = 96kHz. The serial data 
comes from pin 9 of IC1 and goes to pin 18 of CON2, where 
it eventually feeds into the microcontroller. 

Note that pin 5 (MCLK) of IC1 has a snubber network con- 
nected to ground. This is intended to prevent ringing and 
is a good idea when a high-frequency signal is fed through 
a long wire, however, at 12.288MHz it was found not to be 
necessary, and so those components can be safely left off. 


ADC configuration 


Pins 10-14 of IC1 are configuration inputs and their state 
determines how the ADC operates. 

Pin 10 (MDIV) causes the master clock signal to be divided 
by two when high, allowing a higher frequency master clock 
to be used. Pin 11 enables or disables a digital high-pass 
filter, to remove any DC offset from the input signals. Pin 
12 selects the digital audio output data format, either I2S 
or left-justified. 

Pins 13 & 14 select the sampling rate range, either single- 
speed mode (2-51kHz, MO & M1 low), double-speed mode 
(50-102kHz, MO high) or quad-speed mode (100-204kHz, 
M1 high). 

Of these five pins, pin 12 (I2S/LJ) is tied to VL via a 
10kQ resistor, permanently selecting I2S format. The other 
four connect to jumpers JP1-JP4 and have 10kQ pull-ups to 
VL. So they are high by default but can be pulled low by 
placing a shorting block on the jumper. 

Typically, all four jumpers are fitted, so that master clock 
division is disabled, the high-pass filter is enabled and the 
sampling rate can be 48kHz. 

But the use of jumpers means that you could change 
the software (eg, to use a higher sampling rate) and easily 
reconfigure the ADC board to suit. 

Pin 15 of IC1 goes low if either input signal swings out- 
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side the range that the ADC can cope with. We have an LED 
(LED1) connected to this pin, with a 1kQ current-limiting 
resistor to VL. So LED1 will light if the input signal level is 
too high for IC1 to cope with, resulting in digital clipping. 


Power supply rails 

The 5V analog supply comes from the output of an 
MC33375D low-dropout regulator, REG1, which is fed from 
the incoming +9V supply via a ferrite bead (FB3). This 
regulator was chosen for its very tight line and load output 
specifications (2mV and 5mV respectively), which means 
that the resulting analog 5V rail should be very stable indeed. 

REG1 has 100nF and 220pF input bypass and output filter 
capacitors, but there are also four bypass capacitors right 
near IC1’s VA input pin: 10nF, 100nF, 1pF and 10pF. Again, 
these different values were paralleled to provide a very low 
supply source impedance for IC1 across a wide range of 
frequencies, from a few hertz up to many megahertz. 

The 5V digital supply, VD, is powered from the same 5V 
rail as VA but with a 5.1Q resistor in between so that digital 
noise does not feed back into the analog supply. The VD rail 
has a separate 10nF bypass capacitors for high-frequency 
stability. 

The 3.3V logic supply comes from pin 20 of interface 
header CON2, via another ferrite bead (FB6) and is bypassed 
with 10nF, 100nF and 1uF capacitors. 

The +9V supply rails for the op amps (also used to derive 
the 5V rails) are fed in via pins 24 & 26 of box header CON2, 
with series ferrite beads to stop RF signals from propagating 
in either direction. This is important since long unshielded 
ribbon cables can pick up all sorts of EMI. 


Microcontroller interface 


CON2 carries the power supply, control and digital audio 
signals. It’s a 26-pin DIL header which connects to a ribbon 
cable. By tying all odd numbered pins to ground (except for 
pin 25), every second wire in the ribbon cable is grounded, 
minimising interference between adjacent signals on the 
even-numbered pins. 

As previously mentioned, pins 20, 24 & 26 provide power 
to the ADC board while pins 12, 14, 16 & 18 carry the clock 
signals and digital audio data, and pin 2 is the reset line. 
Pins 22 & 25 are unused, leaving pins 4, 6, 8 & 10 which are 
reserved for an SPI control bus. 

But IC1 does not have an SPI control interface, so those 
pins are not routed anywhere on this board. 


DAC circuitry 


Now let’s turn our attention to the DAC board circuit, 
shown in Fig.5. Essentially, its job is the opposite of the 
ADC circuit shown in Fig.4. 

Rather than turning two analog audio signals into digital 
data, this circuit takes digital data and produces two low- 
distortion analog audio signals. 

DIL header CON3 is another 26-pin header and it uses 
essentially the same pinout as CON2 in Fig.4. As before, 
odd numbered pins other than pin 25 are tied to ground. 
Pins 20, 22, 24 & 26 supply power to the DAC module while 
pin 2 is reset, pins 4, 6, 8 & 10 are the SPI control bus and 
pins 12, 14, 16 & 18 carry the digital audio clocks and data. 

As with the ADC board, there is a snubber on the MCLK 
line (at pin 6 of IC6), but this is not strictly necessary and 
can be omitted. Also, there is no automatic reset network 
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Fig.6: the power supply 
board has a bridge rectifier 
(D17-D20) plus five linear 
regulators and powers all 
the rest of the circuitry © 
from the 9V AC or 9-0- 

9V AC fed to CON13. It 
also routes all the signals 
between the ADC, DAC and 
PIC32 boards via CON14- 
CON19. 
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on pin 13 of IC6; instead it is merely pulled up to VD (3.3V) 
via a 10kQ resistor and connected to pin 2 of CONS. So the 
micro must forcibly pull this pin low to reset IC6. 

The digital audio data is fed straight to pins 3-6 of IC6. 
While this chip does have an SPI control interface on pins 
9-12, it can also be operated without it. This ‘hardware 
mode’ is selected by keeping pin 9 (control data input) at a 
DC level for a certain period after reset. 

In this case, pins 9-12 become control inputs. That is 
how it is being used here. Pin 12 (MO) is pulled high via 
a 10kQresistor to the VLC (logic supply) pin while the 
other three pins (M1-M3) are connected to ground via 
10kQ resistors. This selects single-speed (32-50kHz sampling 
rate) IS mode without digital de-emphasis. 

Like the ADC, DAC chip IC6 needs external filter capaci- 
tors for two internal reference rails, and these are connected 
between pin 15 (FILT+) and ground, and pin 17 (VREF) and 
ground. 

Analog audio appears at pins 19, 20, 23 & 24. As with the 
ADG, these are differential signals. They are AC-coupled us- 
ing 100UF capacitors with 100kQ biasing resistors to remove 
the DC component of the output signals. They are then fed 
to third-order (-18dB/octave) active low-pass filters built 
around low-distortion LM4562 dual op amps IC7 and IC8. 

These filters are different from the recommended filter in 
the CS4398 data sheet, but they have the same purpose: to 
remove the high-frequency delta-sigma switching artefacts 
from the analog audio signals. 

These filters have a -3dB point of 30kHz and are down to 
-90dB by 1MHz. But the response is down by only around 
0.3dB at 20kHz, with a very flat passband, so has minimal 
effect on audio frequency signals. 

The differential output from the two pairs of identical 
filters is fed into a differential amplifier which provides 
further filtering, based around either IC9a or IC9b. This also 
converts them to single-ended signals. 

These stages provide some gain, to boost the ~1V RMS 
from the DAC up to around 2.3V RMS, a similar level to 
that produced from many other audio sources like CD/DVD/ 
Blu-ray players 

The signals are then AC-coupled by 22uF capacitors and 
DC-biased to ground using 10kQ resistors, to remove any 
remaining DC bias on the signals. They are then fed to the 
inputs of IC10, a PGA2320 volume control chip. 

There are two things to note about this chip. One is that 
we're feeding the left channel signal to its right channel 
input and the right channel signal to its left channel input. 
But that doesn’t matter since its channels are independent. 
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The other is that the CS4398 already has a built-in digital 
volume control. IC10 is included on the board because it 
adds little noise to the signal and since the signal swing is 
higher at the outputs, we thought that this would introduce 
less distortion. And that is true, but the effect is quite small, 
so we didn’t even bother wiring up the control signals from 
IC10 to the microcontroller. 

So you can leave it off the board and instead, solder 
0Q resistors from its pin 9 pad to pin 11, and another from 
pin 16 to pin 14, so that the signals from IC9 go straight to 
the output RCA connectors, CON4. 

While it may seem odd that there’s a footprint for IC10 
when it isn’t connected to the microcontroller, it could be 
useful if the board was used in a different project, and there 
was space on the board, so we’ve left the option open. 


Power supplies 

As with the ADC board, the op amps run off the +9V 
supplies fed in from the power supply board via CON3. 
However, rather than passing through ferrite beads, on this 
board each op amp has a 102 /100yF RC low-pass filter for 
each supply rail, as well as 100nF bypass capacitors for 
each op amp supply pin. 

Another difference from the ADC board is while that 
board derived a local 5V supply from +9V using an onboard 
regulator, on this board, DAC IC6 and (if fitted) volume 
control IC10 run from a 5V supply that’s fed from the power 
supply board, via pin 22 of CON3. 

The two chips have separate ferrite beads on this supply 
line for isolation, plus small and large bypass capacitors. 

DAC IC6 also requires three 3.3V supply rails — one for 
I/O (VLC, pin 14), one for its digital circuitry (VD, pin 7) 
and one for its internal PLL (VLS, pin 27). 

These are all powered from the same 3.3V supply rail 
via pin 20 of CON3, but again they have separate ferrite 
beads for EMI suppression and isolation, plus individual 
100nF bypass capacitors. 

There are also 100nF and 10uF capacitors on the incom- 
ing 3.3V supply rail. 


Volume control 

As mentioned earlier, volume control chip IC10 is not 
required, but if it is fitted, it is powered from the +9V rails 
(at the VA+ and VA- pins) and also from the 5V rail via 
ferrite bead FB11. The ZCEN input (pin 1) is pulled up to 
+5V with a 10kQ resistor, while Mute (pin 8) is similarly 
pulled up by a 10kQ resistor. 

Pin 1 is the Zero Crossing Enable control and when pulled 








The completed project 
(June and July issues) 
will include a 128 

x 64 graphical LCD 
which lets you set up 
the unit and see how 
it is configured. It is 
controlled using a 
rotary encoder and 
two pushbuttons to 
drive the menu-based 
interface. 
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high, it will wait for the audio signal to cross through 0V 
before making any volume changes. This avoids clicks 
which would otherwise be caused by a sudden signal level 
step change when the volume is adjusted. 

Unsurprisingly, pulling pin 8 low mutes the output, 
and this function is not used, hence the pull-up resistor. 
Mute can instead be controlled using the SPI serial control 
interface. 


Power supply and signal routing board 

Let’s turn now to the power supply and signal routing 
circuit, shown in Fig.6. The cable from CON1 on the ADC 
board connects to CON16, while two separate but identical 
DAC boards are connected to CON14 and CON15. 

10-way headers CON17 and CON18 connect to the mi- 
crocontroller board. The signals to and from the ADC and 
DAC boards are routed to the microcontroller pins via these 
headers. At the same time, five power rails are distributed 
to all those boards as required. 

Except for the master clock, all the signals from CON18 
are connected through to CON19, which the front panel 
control board plugs into. This routes the control board 
signals back to the microcontroller. 

Some things to note about the signals passing between the 
micro and ADC/DAC boards: CON14 (DAC1) and CON16 
(ADC) share the same digital audio bus, while CON15 has 
a separate bus. One DAC and one ADC module can share 
the same bus since there is one pair of data in/out lines and 
they only use one each (into the DAG, out from the ADC). 

The same master clock signal is distributed to all three 
connectors, and the reset line is also shared between all 
three, so the three chips will be reset simultaneously if 
this line is pulled low. 

None of the SPI control buses are wired up to anything, 
as this is not required as long as you leave the volume 
control chips off the DAC boards. 

The ADC and DAC boards are fed with +9V, -9V, +5V 
(VA, not used by the ADC board) and +3.3V (to power the 
digital interfaces of the ADC and DACs). A separate 5V 
rail passes through ferrite bead FB15 and is then fed to the 
microcontroller board, to power the micro. Using a separate 
rail avoids the possibility of the micro board ‘polluting’ the 
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5V rail used by the DAC boards. 

All the digital audio signals connect to the micro via 
CON17 (along with its 5V supply), except for the master 
clock, which is on pin 8 of CON18. The other pins on CON18 
are wired to general purpose I/Os on the microcontroller. 

The power supply section is pretty straightforward: a 
centre-tapped 18-24V AC (eg, 12 + 12V AC) transformer is 
wired to CON13 and then connects to diode bridge rectifier 
D17-D20 via fuses F1 and F2. 

The DC outputs of this bridge are filtered by a pair of 
470uUF capacitors and then regulated by adjustable regu- 
lators REG6 and REG7 to produce the +9V and -9V rails 
respectively. 

LM317/337 adjustable regulators are used because of 
their excellent ripple rejection capability, especially with 
10uF capacitors from their ADJ terminals to ground. The 
220Q and 1.5kQ resistors set their nominal output voltages 
to (1.5kQ /220Q +1) x 1.2V = 9.38V. The extra diodes protect 
the regulators by preventing current from flowing back- 
wards through them at switch-off. 

These regulators are fitted with small flag heatsinks to 
keep their temperatures reasonable. 

The positive output of the bridge rectifier is also fed 
through ferrite beads FB13 and FB14 through to two extra 
47uF capacitors which power regulators REG4 and REGS 
respectively, to produce the +5V and +3.3V rails. Differ- 
ent feedback resistor values are used to change the LM317 
output voltages. 

The extra ripple-rejection capacitors are not used here 
since these supplies do not need to be as ‘quiet’. 

Another LM317, REG8, is fed from the main 470UF posi- 
tive filter capacitor and is also set up for a 5V output. This 
provides the 5V “VA” rail for both DAC boards. 





Coming up... 

This is a monster project, so we can’t fit all the details 
into a single article. 

Over the next two issues, we plan to have details on 
the microcontroller and front panel circuits, along with 
the parts list plus construction and operation of the of the 
Two-Way DSP-based Active Crossover. $C 
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PGB size is 
100 x 70mm. 





he Class-D 3 x 50W amplifier 
‘kee (stereo plus subwoofer) 

shown above can be purchased 
(at time of going to press) for about 
$US6 from eBay or AliExpress. 

Fora bit more money, you can get the 
5x50W amplifier module with built-in 
Bluetooth support shown opposite. 

Both run from 5-27V DC, provide 
decent performance and appear to be 
very good value for money. 


The XD172700 module 


The module above uses the latest 
power IC from Texas Instruments, 
the TPA3116D2 IC (2017 revision G), 
who describe it as a “15W, 30W, 50W 
Filter-Free Class-D Stereo Amplifier 
Family With AM Avoidance”. 

The chip measures just 11mm x 
6.2mm. Two are used on the first board: 
one is used in stereo mode for the left 
and right channels and the other in 
mono (bridged) mode for driving a 
subwoofer. 
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The old 
Saying says 

that “if it sounds 
too good to be 





. Z 


¢ true, it probably is”. 


So if we told you 
that you could get an 
assembled 3 x 50W 


amplifier module for under 


g $US6, you would probably 
be thinking that it would be a load of junk. 
But in this case, that isn’t the case! This one works almost (!) as well 
as advertised — and most of its shortcomings can easily be addressed. 


These amplifier chips are fed audio 
by two NE5532 ICs used as preamp- 
lifiers and to provide the subwoofer 
low-pass filter. 

You don’t have to worry about 
soldering the SMD TPA3116D2 chips 
because this has all been done for you! 
Our suggested modifications require a 
little bit of soldering. 

We paid sixteen dollars (Australian) 
including postage — and are feeling 
miffed at that, having since found 
them much cheaper! The board comes 
with everything, even the kitchen sink, 
err, heatsink, which is shared by both 
amplifier ICs. 

It even came with a set of standoffs, 
nuts and bolts for mounting it in a 
chassis, plus a nice set of shiny knobs 
for the pots! All you need to do then is 
wire up the power supply, audio input 
and speaker output terminals. 

The board has two audio input op- 
tions: you can use either the 3.5mm 
stereo jack socket or a three-pin JST 
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header. And there are two options 
for power supply; either a PCB screw 
terminal or a 5.5mm DC barrel socket 
for a plugpack or inline power supply. 

The board requires a simple DC 
supply, and this simplifies things 
significantly because you can use just 
about any supply that produces 5-24V 
DC such as an old laptop supply or any 
other high current source, including 
a car battery, electric drill battery etc. 
You could even use a 5V USB charger. 
But to get the full output power, you 
need around 24V at 6-7A. 

Note that to get the full power out- 
put you will also need 40 speakers. 
Higher impedance speakers cannot be 
driven to quite as high power levels. 
For example, if you use 8Q speakers, 
with the appropriate power supply, 
you will get around 30W maximum 
from the left and right channels. 

The amplifier ICs have a high power 
supply rejection ratio (PSRR), so you 
don’t need a super smooth DC supply. 
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It will reject 70dB of ripple, meaning 
you can have up to 200mV peak-to- 
peak ripple before you’re likely to 
notice any buzz or hum creeping into 
the audio outputs. 

For testing, we used a 24V 7A DC 
plugpack which cost $33 including 
postage. 24V x 7A = 168W so with a 90% 
claimed peak amplifier efficiency, we 
should get a total theoretical output of 
around 150W RMS, ie, around 2 x 38W 
into 40 for the left and right channels 
and about 75W into a 2Q subwoofer. 

The efficiency of the device varies 
significantly with supply voltage and 
output power (see Fig.1). Itis typically 
40-70% at low power levels, ie, below 
5W. If you only require power levels 
up to 10W into 40 speakers you are 
better off with a 6-12V DC supply 
because this will give you 70-90% 
efficiency and it won’t cause any 
overheating problems (see Fig.1). 

So your best approach is to decide 
what power output you need and 
then choose your power supply to 
deliver this with the highest efficiency. 
Otherwise, the device may 
overheat and automatically 
shut down during use. 


Power output figures 


The measured power for 
this module is good but not 
quite up to the claim of 2x 50W 
+ 100W. 

During testing, we did manage to 
get 2 x 50W into 4Q and 2 x 30W into 
8Q. as expected. But we were not able 
to get the full 100W into 2Q from the 
subwoofer output because the device 
protection circuit sent the output into 
high impedance and it cut out. We 
were only able to get about 50W into 
the sub. 

This is no doubt due to poor design 
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of the subwoofer section; we suspect 
that the IC has not been correctly con- 
figured for mono operation. It may be 
possible to fix this by changing some 
of the passive components connected 
to the subwoofer amplifier IC, but we 
haven’t tried that. 

So basically, you can expect to get 
about the same amount of power from 
the subwoofer channel as you can from 
the left and right channels, taking into 
account the possibility that your sub 
may have a different impedance from 
the other speakers. 


Frequency response 

The quoted frequency response 
by the supplier is 20Hz to 20kHz 
with no plus/minus decibel 


The 
Bluetooth 
module is 
supplied 

already attached to 
the main board. 
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figure, which is quite common to 
see but also a pretty-much useless 
statement. So we decided to measure 
the frequency response accurately. 

First, we did a listening test which 
exposed a lack of treble with cymbals, 
triangles and slightly muffled brass. 
The measured response, as shown 
in Fig.2, confirms our subjective 
impression. There is a significant 
drop-off in the output above 1kHz. 
We did this test at 1W and 5W output 
levels, using a 12V DC supply for 
convenience. 

So the out-of-the-box response is 
poor, and you can clearly hear the lack 
of treble. It’s down by 8dB by 20kHz. 
A glance at the Texas 
Instruments data 


PGB size is 
167 x 116mm. 


Even if 
you don’t 
/ need the two 
~ extra outputs, as 
long as you can live 
with the extra size (and 
cost), this module has two 
benefits: no need for mods, 
and built-in Bluetooth support. 
If you’re clever, and you only need 
two or three channels, you'll take the 
left output from one chip and the right 
output from the other chip to spread out 
the heat load between all the devices. 
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Fig.1: sample efficiency curves from 
the Texas Instruments TPA3116D2 
data sheet. Efficiency is higher with 
lower supply voltage but of course, 
maximum power is also lower in those 
cases. Efficiency also increases with 
output power; in other words, device 
dissipation does not increase much as 
the output power rises. 


50 


sheet (www.ti.com/lit/ds/symlink/ 


tpa3116d2.pdf) indicates that when 
properly implemented, the IC’s 


frequency response should be almost 
ruler flat to about 40kHz. 

The data sheet also recommends 
that the LC filter after the output stage, 
if fitted, should have a 10H inductor 
and 680nF capacitor on each output 
pin. 

However, we measured the sup- 
plied LC filter at 55H and 1pF, which 
would explain the drastic reduction 











in high-frequency response. We tried 
reducing the output inductor values 
to 10H, which considerably flattened 
the frequency response. 

As per the data sheet, high-current 
ferrite beads can be used in place of 
the inductors, ifthe capacitors are also 
changed to 1nF. 

This will not be as effective at re- 
ducing radiated emissions, however, 
and doing this will require quite a bit 
of soldering which may damage the 
dual-layer PCB. 

Changing the inductor values has 
another benefit besides flattening the 
frequency response; we found that 
they got hot during use because the 
wire used is too thin. 

Audio inductors should be air-core 
types to avoid non-linearity in the 
core material. 

We published instructions for wind- 
ing 10pH inductors using 30.5 turns 
of 1mm diameter enamelled copper 
wire on standard bobbins available 
from Jaycar and Altronics. 

This was in the August 2011 is- 
sue, on page 67 (siliconchip.com.au/ 
Article/1129). It was intended for use 
in the Ultra-LD Mk.3 amplifier mod- 
ule but is certainly applicable to this 
one, too. 

You then just need to remove the 
existing inductors and solder the im- 
proved ones into place. Keep them as 
close to the PCB as possible and mount 
them all with the same orientation to 
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XD172700 Class-D amplifier 
features and specifications 


° 3 x 50W RMS into 4Q (21V DC supply) 

° 3 x 30W RMS into 8Q (24V DC supply) 

¢ Supply voltage: 4.5-27V DC 

¢ THD+N: typically around 0.05% at 
1kHz, 1W 

¢ Frequency response: 20Hz-20kHz, 
+3,-00B (after modifications) 

* Efficiency: up to 90% (only needs a 
small heatsink) 

¢ Switching frequency: 400kHz +3kHz 

¢ Self protection circuits: over-voltage, 
under-voltage, over-temperature, DC 
offset, over-current and short-circuit 
protection. 

¢ Input connectors: 3.5mm stereo jack 
socket or 3-pin JST header 

¢ Output connectors: 3 x 2-way terminal 
blocks 

¢ Power connectors: 2-way terminal 
block and DC barrel socket 

¢ Module size: 100 x 70 x 30mm 






reduce problematic magnetic field 
interactions. 

While you should ideally replace 
the 1)F capacitors with 680nF capaci- 
tors as per the data sheet, in practice, 
it doesn’t make that much difference. 

You can see the revised frequency 
respone (after changing the inductor 
values) as the blue trace in Fig.2 

With the 10pH inductors and 1pF 
capacitors, it shows a slight lift at 


SPECTRUM OF rodifiedHH3@2 CLASS D AMP TO IMHz 2nd harnonic -56.9dB 


MARKER 887 696.5 HZ 
26.9 DBM 



























STOP 1 688 668.0 HZ 
ST .4 SEC 


UBH 16 KHZ 


Fig.2: frequency response of the 2+1 channel amplifier module Fig.3: spectrum analysis of the output waveform shows that the 


before and after we modified it. The mauve curve shows the 
subwoofer output, which purposefully rolls off at around 
100Hz, the left/right response as supplied is in red, and 
post-mods is in blue. It’s now much flatter above 1kHz, and it 


sounds a lot less muffled! 
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main peak at 403kHz, representing what's left of the switching 
waveform after filtering, is 40dB below the audio signal while its 
first harmonic at 806kHz (in the AM broadcast band) is at -57dB, 
so the amplifier should not cause too much AM interference. 


Still, we'd keep the speaker leads as short as possible! 
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Yuanjing Class-D amplifier 
features and specifications 


¢ Inputs: 3 separate channels (left, right, 
subwoofer) 

¢ Outputs: 5 x 50W RMS into 40 (21V 
DC supply) or 5 x 30W RMS into 8 
(24V DC supply) 

¢ Supply voltage: 4.5-27V DC 

¢ THD+N: typically around 0.05% at 
1kHz, 1W 

¢ Frequency response: 20Hz-20kHz, +1dB 

¢ Efficiency: up to 90% (comes with 
small heatsinks fitted) 

¢ Switching frequency: 400kHz +3kHz 

¢ Self protection circuits: over-voltage, 
under-voltage, over-temperature, DC 
offset, over-current and short-circuit 
protection. 

¢ Input connectors: 3-way pin header or 
Bluetooth wireless 

¢ Output connectors: 5 x 2-way terminal 
blocks 

¢ Power connector: solder pads 

¢ Module size: 165 x 115 x 25mm 





20kHz, continuing to rise to 30kHz, 
then dropping sharply to -60dB at 
1MHz. Naturally, after doing that, the 
unit sounded much better, with an 
excellent high-frequency response; 
very different from our first listening 
test! 

The subwoofer response is also 
shown in Fig.2. It has a peak at 28Hz 
and is -20dB at 250Hz, which is close 
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Amplifier THD vs Frequency, 1kHz, 1W 
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to ideal. 

The subwoofer amplifier can put 
out significant power and the IC is 
supposed to handle 2Q speakers, but 
we found that 4Q is the minimum 
for this particular module. You won’t 
find many 20 drivers (outside of cars), 
anyway. 

By the way, you may notice that after 
this modification, the module has a 
slight (2dB) rise at the low-frequency 
end, close to 20Hz. 

This is probably due to crosstalk with 
the subwoofer section and the design of 
the PCB, but it should not be a problem 
because most loudspeakers will not 
respond to such low frequencies. 

A small amount of low-end boost 
will generally improve the response of 
most loudspeakers anyway. 


AM radio frequency avoidance 

The TPA3116D2 has advanced os- 
cillator/PLL circuitry which employs 
multiple switching frequency options 
to avoid AM interference. 

These options cover 15 different 
frequencies, ranging from 376kHz to 
1278kHz, so it can be set to avoid the 
AM band in most countries. 

Our module was pre-set at 400kHz 
(403.5kHz measured) so that only the 
first harmonic will fall into our local 
AM band. 

We also checked the output with 
a spectrum analyser and found that 
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the first harmonic (807kHz) was 57dB 
lower than the audio output signal 
level, so there should be very little 
interference with AM radio receivers 
(see Fig.3). 

If you are going to use the module in 
other places where 400kHz radiation 
could bea problem, you could modify 
the unit according to the data sheet, 
but that would be quite tricky. 

So we suggest that you instead try 
to keep the speaker leads short — less 
than 1m if possible — so they make for 
poor transmitting aerials. 

The spectrum from 500Hz to 40MHz 
is otherwise very clean. 


Distortion and noise (THD+N) 

The unit is quoted as having a 
THD+N figure of 0.1% at 1kHz witha 
25W output. We decided to verify this 
with some measurements. 

The maximum power into an 8Q 
load is 40W RMS and the THD+N 
reading was 1% when clipping started 
to be noticeable at this level. The high 
THD+N at very low power levels is 
merely noise. As expected, the module 
will deliver 50W into 4Q loads. 

Fig.5 shows a plot of THD+N vs 
frequency for the module. These 
figures are the best that we were able 
to achieve after changing the output 
inductors. The distortion above 10kHz 
may be higher than indicated because 
we used a 20kHz “brick wall” filter 


@ Left channel (undriven) 
B® Right channel (driven) 
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Fig.4: the measured distortion performance of the left/right 
channels on our sample module (after fixing the output filters), 
into an 8Q resistive load. While not quite as good as the amplifier 
designs we publish, it’s below 0.1% THD+N up to about 3.5kHz 
(with a 20kHz bandwidth) which is not too bad. It certainly 
sounds acceptable. We must use a 20kHz filter to remove the 
switching residuals, hence the drop-off in readings above about 
6kHz, above which the main harmonics are filtered out. 
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Fig.5: crosstalk figures for this amplifier are not 
particularly great, with less than 20dB separation 
between channels. This is probably due to the close 
proximity of the output filter inductors for each channel. 
This generally isn’t a problem when playing regular 
music recordings, but if it bothers you, you have the 
option of using two separate modules, one for each stereo 
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Fig.6: the self-protection features of the TPA3116Dz2 IC. 


to eliminate subharmonics from the 
400kHz switching frequency, which 
otherwise would have affected the 
measurements. 

The 80kHz bandwidth 
measurements we usually take with 
linear amplifiers cannot be made with 
Class-D amplifiers. Therefore, we took 
some intermodulation distortion (IMD) 
measurements to clarify the level of 
distortion at higher frequencies. 

The IMD measurements were taken 
by injecting the SMPTE-standard 
frequencies of 500Hz & 2kHz (2:1) 
and the resultant spectrum shows ac- 
ceptably low noise up to 24kHz. The 
average level is 0.11% which verifies 
the THD+N measurements; this is not 
bad for a Class-D amplifier. 


Crosstalk 


We checked out the crosstalk of 
the amplifier module (Fig.5) and the 


+20 


= iat &@ Subwoofer output 
+10} ma Left/right 





results were as not as good as specified, 
probably because of the design of the 
PGB and the interaction of the output 
inductors, which cause feedback into 
the opposite stereo channel. 

There is not a lot you can do about 
this; it may be possible to re-locate the 
inductors or substitute ferrite beads, 
but if you want really good crosstalk 
performance, given its low cost, you 
could simply use a separate module 
for the left and right channels. 

While we were working on this ar- 
ticle, similar modules have appeared 
on eBay for around $5. So it’s hardly 
worth arguing about! 


Protection features 


The TPA3116D2 is a well-protected 
device and has self-protection for over- 
voltage and under-voltage conditions 
as well as an output DC fault, short- 
circuit, overload and over-temperature 






Self-clearing 
Self-clearing 


conditions. When an over-current, 
short-circuit, over-temperature or DC 
offset fault is detected, the module 
switches itself off and you need to 
cycle power to restore its function. 











No point changing the op amps 

As mentioned earlier, the unit we 
obtained came with two NE5532 op 
amps in sockets. Most dual op amps in 
DIP-8 packages have the same pinout, 
so it’s easy to swap them — but there 
isn’t much point! 

Firstly, while the NE5532 is an old 
design, it has stood the test of time 
and even by today’s standards still has 
outstanding performance. 

And secondly, the distortion and 
noise in this amplifier is dominated 
by the amplifier ICs themselves and 
not the op amp-based preamplifiers. 

We tried replacing the NE5532 with 
newer OPA1642s (soldered to SOIC- 
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Fig.7: the frequency response of the Yuanjing-brand 4.1 
channel amp is fine out-of-the-box, unlike the other one 
we tried. Note how its subwoofer low-pass filter is far 
less aggressive than the other board’s, with significant 
amounts of low bass making it through, up to a few 


hundred hertz. 
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Fig.8: distortion performance is similar to the cheaper one; 


slightly worse at lower frequencies (probably due to the 
use of less-linear coupling capacitors), and slightly better 
at higher frequencies. Its performance is significantly 
better when using the line input pin header compared to 
Bluetooth, likely to due to digital artefacts and noise in the 


output of the Bluetooth module. 
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to-DIP adaptors) but the improvement 
in performance was so minor as to be 
insignificant. If you must change the 
op amps, don’t forget to fit them in the 
right orientation! 


Getting one 

There are many similar modules 
available with a different size, layout, 
components, connectors and so on. 
You may want to look for one that’s 
visually identical to ours, since it is 
at least a known quantity. There are 
many possible sources but here is one 


to get you started: www.aliexpress. 
com/item//32810347968.html 


The Yuanjing module 


Since we noticed so many other 
similar modules were available, we de- 
cided to try a second one, specifically, 
one with built-in Bluetooth support. 

The one we’ve chosen has no obvi- 
ous model number but since it has 
“Yuanjing” written in copper tracks in 
the corner near the Bluetooth module, 
and this is presumably the manufac- 
turer, that’s how we’re referring to it. 

You can find this module for sale 
at prices from about $US28 to $US50 
on eBay and AliExpress, although the 
latter has a better selection. Search for 
“tpa3116 4.1” and look for a blue PCB 
matching the one shown in this article. 

This one appears to be the best deal 
at the time of writing: www.aliexpress. 
com/item//32799510099.html 








@ Left channel (undriven) 
w Right channel (driven) 


We’re guessing that this module is 
designed for motor vehicles given that 
it has two pairs of essentially identical 
left/right outputs — these could be used 
to drive front and rear car speakers. 
The four pots along the front control 
overall volume, subwoofer volume and 
front and rear volume independently. 

Even if you don’t need the extra 
channels, there are two big advantages 
to this module. One, we didn’t need 
to make any modifications to get good 
performance out of it; it appears to 
have the correct output filter com- 
ponents from the factory. And two, 
the built-in Bluetooth audio receiver 
is very handy for wirelessly playing 
audio from a mobile phone or tablet. 

It works seamlessly. When a Blue- 
tooth device is connected, it switches 
arelay to divert the Bluetooth audio to 
the amplifier chips. With no Bluetooth 
connected, audio comes in viaa three- 
way pin header. The subwoofer signal 
is generated by mixing the left and 
right channel signals and then feeding 
it through a low-pass filter. 

Like the XD172700, the subwoofer 
output on this module does not ap- 
pear capable of the claimed 100W. We 
think that in both cases, they simply 
have not wired up the IC correctly for 
BTL operation. It’s merely using one 
of the two available channels and so 
is only capable of driven 4-8Q loads to 
the same power levels as the left and 
right channels. 
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Fig.9: crosstalk for the Yuanjing amplifier isn’t exactly great 
but it’s significantly better than the cheaper one. You’re not 
likely to notice this coupling when listening to ordinary 


program material with stereo speakers. 
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2k. 5k 


But still, overall, the performance 
isn’t bad, especially considering the 
price and the convenience of running 
off a single, relatively low voltage DC 
supply rail! 

Figs.7-9 show how the performance 
of the Yuanjing module compares. It’s 
certainly usable as-is and is compa- 
rable to, or better than the XD172700 
module in most areas. 

Just one point to note: while this 
module comes with the appropriate 
pot nuts and washers (as seen in the 
photo) it doesn’t include the stand-offs 
nor the cute knobs which the other 
one has. Oh well — can’t win ‘em all! 


Conclusion 

These fully built and ready-to-go 
modules are very flexible and would 
have many useful applications such 
as in cars, TV soundbars, computer 
sound systems, amplifiers for smart- 
phones etc. They should be very 
reliable due to their comprehensive 
protection against short-circuits and 
importantly, against overheating. 

The fact that they only require a 
single DC supply and can run from 
5V to nearly 30V makes them even 
more flexible. You can even get a few 
watts of audio output using a small 
USB charger! 

The distortion, frequency response 
and crosstalk could all be improved 
but for the price, we didn’t expect 
super hifi performance. 

These modules can easily be 
mounted inside a cheap Jiffy box or 
metal amplifier chassis. It’s so straight- 
forward, we aren’t even bothering to 
give any instructions. Just mount them 
in the chassis, wire them up and ae 
you go. 





10k 20k As noted in the article, the inductors on the 172700 unit had 


way too high a value to give a good frequency response. Not 
wanting to spend any money on new inductors (they would 


cost more than we paid for the whole module!) we tried 
partially unwinding some of them. That worked, but it was a 
lot of work. So for the remainder, we shorted out 15 turns by 


soldering thin wires in place (after scraping off the enamel 
insulation from the wire), as seen here. This dropped their 
inductance down into roughly the right value. 
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here are quite a 
few devices which 
transmit periodic 


bursts of data on the 433MHz UHF 
“LIPD” band, including a number of 
our designs, such our Driveway Moni- 
tor (July & August 2015; siliconchip. 
com.au/Series/288). 

This includes some commercial 
devices too, such as remote weather 
stations. Unfortunately, it isn’t always 
possible to get reli- 
able reception. Features 

Sometimes this 
is because there are 
hills, trees, build- 
ings etc between 
the transmitter and 
receiver locations. 

Other times, it’s 
because of limited 
antenna sizes or 
the 25mW legal 
limit placed on un- 
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iz Wireless Data 
Extender »== 


There are many “remote control” devices 
which rely on a 433MHz data link. You may 

have one and not even realise it - an alarm 
remote, a garage door/gate controller or even 
an outdoor weather station are just some examples. 


But is yours 100% reliable? Is the range a bit less 
than you’d like? Perhaps the remote unit is 

too far away from the receiver - or are there hills, 
trees or other obstacles in the way? 

Here’s the answer: a small, solar-powered repeater 


that you place between the transmitter and receiver 


with clear line-of-sight to both. You’ll end up with 
the reliability - and the extra range — you need. 


licensed devices operating in this 
band (many 433MHz transmitters are 
far weaker than this). 

Even the weather can have an im- 
pact: a shrub or tree that has little to no 
effect in dry weather can play havoc 
with UHF signals in the wet. 

While 433MHz signals aren’t at- 
tenuated as much as higher frequen- 
cies (eg, 2.4GHz, which is also used for 
data), if you’re suffering from marginal 





* Extends the range of 433MHz transmitters 
* Overcomes ‘line-of-sight’ limitations caused by trees, obstacles etc 

* Receives 433MHz signal and re-transmits at 433MHz after a short delay 
* Suitable for use with projects that transmit intermittent signal bursts 

* Discrimination of genuine signal from noise 

* Repeater chaining possible 

* Adjustable delay period 

* Adjustable maximum data rate detection 

* Solar power with LiFePO, cell storage 

* Up to 200m open-space range with optimised antenna 
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signal anyway, it could be enough to 
stop data getting through. 

This repeater can be placed in a lo- 
cation where it can clearly and reliably 
receive signals from the transmitter, 
and which is also a better location for 
reception by the receiving unit (ie, it 
can be placed somewhere in between 
the two devices). 

It stores the received data and then, 
after a short delay, re-transmits the 
same signal in the same 
frequency band. 

So this design is suit- 
able for extending the 
wireless range by up to 
two times, where line- 
of-sight transmission is 
possible. 

But it’s also extremely 
effective at improving 
the signal integrity where 
the two units have ob- 
structions between them, 
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With a solar panel to keep the internal battery charged, you’ll never have to 
touch it once completed. Get up to double the range you had originally! 


including buildings, trees and terrain. 


Other things to try first 


Before building a repeater, there are 
some simple ways to improve range 
that may give you the range you need. 
The first step is to try a better antenna. 

Typically, our projects use a short 
length of wire as the antenna, sized 
to be one-quarter of the wavelength. 
This is around 170mm for a 433MHz 
transmitter or receiver. 

Using a commercially-made whip 
antenna for the transmitter and/or 
receiver can improve the range com- 
pared to the simple wire antenna, as 
can a longer %4-wave antenna (340mm 
for 433MHz). 

But we must caution you that if your 
transmitter is close to the 25mW legal 
limit, using a better antenna (with 
higher gain) may be illegal. That’s be- 
cause 25mW is the effective radiated 
power limit, so it takes into account 
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antenna gain. Each increase in antenna 
gain of 3dB is equivalent to doubling 
the output power. 

So you cannot legally use a +3dBi 
antenna with devices that exceed 
12.5mW transmit power. 

Antenna orientation is important 
too. Having the transmitter and receiv- 
er antenna both with the same orienta- 
tion, eg, both orientated vertically or 
both horizontally may improve range. 

If these changes prove to be imprac- 
tical or not effective enough, then it 
would make sense for you to build 
this repeater. 

A repeater is placed in the signal 
path between the transmitter and 
receiver. 

In this case, the repeater comprises 
a UHF receiver and UHF transmitter, 
plus a microcontroller, some memory 
and a power supply. Once the repeater 
receives a valid signal, it is stored and 
then after a delay, retransmitted, to be 
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In a word, yes. 


You can view the “LIPD” class 
license for the 483MHz “ISM” 
band, which applies to everyone in 
Australia, at: www.acma.gov.au/ 
Industry/Spectrum/Radiocomms- 
licensing/Class-licences/lipd- 
class-licence-spectrum-acma 


The equivalent document for New 
Zealand is available at: https:// 
gazette.govt.nz/notice/id/2017- 
go4089 


Note that the New Zealand EIRP 
limit of -16dBm is the same as the 
Australian limit of 25mW. It is simply 
specified in different units. 





Neither of these documents place 
any restrictions on the use of the 
433/434MHz LIPD band other than 
the maximum effective radiated 
power. There is nothing to limit how 
frequently you may transmit in that 
band, or how long the bursts can be. 
And there is no mention of repeaters 
whatsoever. 


Since our repeater uses commer- 
cially available 433MHz transmitters, 
which comply with the power limit, 
and since it only transmits after the 
original transmission has ceased, it 
is entirely legal to operate in Australia 
and New Zealand. 


However, we do not recommend 
that you use this repeater with any 
signals which transmit frequently. 
Typically, you would use it in con- 
junction with a device that sends a 
short burst (well under one second) 
no more frequently than, say, once 
every 30 seconds. If you used it with 
a device transmitting rapidly, you 
could blanket the 433MHz band with 
transmissions in a 100-200m radius. 


The Class License states that: “If 
interference occurs, the onus is on 
the user of a LIPD to take measures 
to resolve that interference, for exam- 
ple by retuning or ceasing to operate 
the device.” (Retuning these devices 
would be difficult, if not impossible, 
without specialised equipment). 


So keep that in mind, and use 
common sense when setting up your 
transmitting device and repeater(s). 
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The 433MHz Data Repeater is based on commercial transmitter and receiver modules, as shown here. The Jaycar 
ZW3100 transmitter and ZW3102 receiver are shown on the left with the Altronics Z6900 transmitter and Z6905 receiver 
at right. They are for all intents and purposes identical; either will fit directly into our PCB. 


received by the receiver. 

This effectively increases the range 
for the transmission as it can be placed 
closer to both the transmitter and 
receiver than they are to each other, 
and possibly in a more advantageous 
location (eg, higher up) where there 
will be fewer obstacles in the way of 
both signal paths. 

Other types of repeaters exist, which 
operate slightly differently to this one. 
For example, many repeaters retrans- 
mit the received signal on a different 
frequency. 

That prevents conflicts between the 
transmitter and receiver and allows the 
repeater to operate with effectively no 
delay. But the final receiver must be 
able to receive on the new frequency, 
so that type of repeater is not ‘trans- 
parent’. 

This repeater retransmits in the same 
frequency band as the received signal. 
That means that the final receiver does 
not need to be modified in any way. 

But the repeater has to wait for 
the end of the transmission before 
resending. Otherwise, the received 
and transmitted signals will interfere, 
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Screen1: the yellow trace at the top is the output from the 
UHF receiver, RX1. You can see the high-frequency noise 
before valid data is received. When there is a received 
signal, the random signal ceases and the transmitted code 
is produced instead. IC1 rejects the noise and only accepts 
the valid code, as shown in the cyan trace below. 


and the receiver could even go into a 
loop, continually retransmitting the 
same data. 


Compatible projects 

Some of the projects we have previ- 
ously published that can benefit from 
using this repeater: 
e the UHF Remote 


=e 4), ~ 
e the Versatile 10-Channel Remote 
Control Receiver (June 2013; 


Switch (January 














* the aforementioned Driveway Moni- 
tor and Infrared to 433MHz UHF 
Transceiver (June 2013; s achip. 








All the projects mentioned above 
used the standard 433MHz UHF trans- 
mitters and receivers sold by Jaycar and 
Altronics (as shown above). 

The Jaycar catalog codes are ZW3100 
for the transmitter and ZW3102 for the 
receiver, while the Altronics catalog 
codes are Z6900 for the transmitter 
and Z6905 for the receiver. 

This repeater may be able to be used 
with some other commercial devices 








transmitting data in the 433MHz band, 
however, whether it will work depends 
on the details of those transmissions, so 
it’s hard to say that a particular device 
will or will not work until you try it. 

Keep in mind that you need to use 
the repeater in situations where it 
doesn’t matter if the receiver could 
receive two identical packets in a 
short period. 

That’s because it may pick up both 
the direct transmission and the re- 
peated transmission in some cases. 

In all the projects mentioned above, 
this should not matter, as the receivers 
are effectively ‘stateless’. 

That should be true of many other 
devices such as weather stations. But 
again, you will need to try it out to 
confirm that the receiver’s operation 
is not adversely affected by receiving 
multiple identical packets. 


Presentation 


Our repeater is housed in an IP65 
sealed box and that means it is suit- 
able for use outdoors, in areas where 
it could be exposed to the weather. 

It is designed to be powered from 
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Screen2: the yellow trace at the top shows the original signal 
being received from the source, while the cyan trace at the 
bottom shows the signal being transmitted by the repeater. 
You can see how it does not start transmission until it has 
finished receiving an entire packet, and there is a short 
delay before retransmission, around 60ms in this case. 
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Fig.1: the repeater circuit. Data transmissions are picked up by UHF receiver RX1 and fed to microcontroller IC1’s 
RBO input. They are then stored in SRAM IC2, and once the transmission is complete, read back out of the SRAM and 
sent on to UHF transmitter TX1. IC1 then waits for a programmable delay before listening for another transmission. 
Power from the rechargeable LiFEPO4 cell is stepped up to 5V by REG2, and that cell is charged from a solar panel 


using charge management chip IC3. 


a solar panel and uses a single-cell 
LiFePO, rechargeable cell for power 
storage, so it can be used where there 
is no mains power available. 

This is ideal as you can, for example, 
mount it up on a pole, where it will 
have a good ‘view’ of both the transmit- 
ting and receiving units, and it should 
also get plenty of sunlight to keep the 


siliconchip.com.au 


battery charged. 


Circuit details 

The circuit diagram of the repeater is 
shown in Fig.1. It’s based around mi- 
crocontroller IC1, the previously men- 
tioned 433MHz transmitter (TX1) and 
receiver (RX1), a 1024kbit/128kbyte 
static RAM (IC2), plus power supply 
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parts such as the LiFePO, charger (IC3) 
and 5V step-up regulator (REG2). 
Microcontroller IC1 monitors the 
signal from the UHF receiver (RX1), 
stores the received data in the SRAM 
(IC2) and then powers up the UHF 
transmitter (TX1) to send out the stored 
code that was previously received. IC1 
also has two trimpots (VR1 and VR2) 
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Fig.2: this shows how the boost converter generates 5V to run the micro and 
UHF transmitter and receiver from the 3.2-4.2V cell. The control circuit 
pulses the base of internal transistor Q1 which pulls current from the cell 
through inductor L1, charging up its magnetic field. When Q1 switches off, 
that magnetic field collapses, D1 is forward-biased and C,, charges up to 5V. 
This is regulated by feedback to the control circuit via the voltage divider 
formed by trimpot VR3 and a 10kO resistor. 


that are used to set the maximum data 
rate and the minimum retransmission 
delay; more on that later. 

Receiver RX1 is powered continu- 
ously from the 5V supply so that it 
can receive a signal at any time. When 
there is no signal to be received, its data 
output pin delivers a high-frequency 
random (noise) signal. That is due to 
the automatic gain control (AGC) in 
the receiver increasing gain until it is 
receiving a signal, even if that signal 
is just amplified noise. 

When there is an actual 433MHz 
signal to receive, the AGC reduces 
the receiver’s gain to prevent internal 
clipping, ie, so it is not overloaded due 
to excessive gain. Since the AGC gain 
varies at a relatively slow rate, when 
the 433MHz signal transmission stops, 
the receiver output will be low fora few 
hundred milliseconds before the AGC 
action increases the gain sufficiently to 
produce noise again. 

The 433MHz transmitter and receiv- 
er use an elementary modulation sys- 
tem, known as amplitude shift keying 
or ASK. When its input is high (one), 
the transmitter produces a 433MHz 
carrier. When its input is low (zero), 
the 433MHz carrier transmission stops. 

The data rate is usually fast enough 
that the receiver gain does not vary 
significantly during the burst, even 
though during the zero bits, there is 
no Carrier. 

There are various schemes which 
exist to avoid having long periods of 
all Os or all 1s, regardless of the data 
being transmitted, to help in cases like 
this. One such scheme is Manchester 
encoding, where each bit is encoded 
as either a low (0) then a high (1), ora 
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high (1) then a low (0), at a fixed rate. 
The UHF transmitter and receiver pair 
can transfer data at up to 5kbits/second 
using Manchester encoding. 


Distinguishing signal from 
noise 

The receiver's AGC action poses 
challenges for our software, since it 
needs to be able to distinguish a series 
of zeros and ones that form part of a 
genuine data transmission from the 
zeros and ones that result from the 
amplified noise in the receiver, when 
there is no signal present. 

IC1 monitors the signal from the 
UHF receiver at its RBO digital input 
(pin 6). Each time the voltage level 
changes, it decides whether it is just 
due to noise or a valid data signal. 
Valid data is determined by comparing 
the received data rate to the maximum 
rate setting. 

This is set using VR1, which also var- 
ies the voltage at test point TP1. With 
TP1 at OV, the maximum data rate is 
233bps, and with TP1 at 5V, the maxi- 
mum data rate is 5kpbs. Intermediate 
voltages give intermediate maximum 
rate values. 

If the incoming data rate is higher 
than the rate setting of VR1, the data 
is assumed to be noise and is rejected 
as invalid (see Screen1). 

If the data rate is less than the 
maximum data rate setting, the data 
is considered valid and so it is stored 
in memory. As soon as the data rate 
exceeds the maximum rate setting, it 
is assumed that the transmission is 
complete and so the data which has 
been stored is then transmitted. 

This is done by reading the data out 
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of the RAM and feeding it to digital 
output RA4 (pin 3) of IC1 at the same 
rate that it was received. At the same 
time, TX1, the UHF transmitter is 
powered up and transmits this stored 
data (see Screen2). 

IC2 is the memory that is used to 
store the data. It is a 1024kbit random 
access memory organised as 128k x 
8-bit bytes. The memory is read and 
written using via a Serial Peripheral 
Interface (SPI). 

When writing, data is sent to the SI 
input of IC2 (pin 5) from the SDO (pin 
8) output of IC1, one byte at a time. 
When reading, data is sent from the SO 
output of IC2 (pin 2) to the SDI input 
(pin 7) of IC1; again, one byte at atime. 
In both cases, the data is clocked by a 
signal from the SCK (pin 10) of IC1, 
which is fed TO the SCK input of IC2 
(pin 6). 

The memory SPI interface is enabled 
by a low level at the chip select (CS) in- 
put (pin 1) of IC2, which is driven from 
the RB3 digital output of IC1 (pin 9). 

To write to the memory, the CS line 
is brought low and then a write instruc- 
tion is sent from IC1 to IC2, followed 
by the memory address to write to. In 
our application, this is always the first 
location (address zero). This is a 24-bit 
address sent as three 8-bit bytes. The 
seven most significant address bits 
are always zero since only 17 bits are 
required to address the 128k bytes in 
the RAM. 

Following this, data can be written, 
one byte at a time. By default, the ad- 
dress is automatically incremented af- 
ter each byte of data is written, so bytes 
are written sequentially to the RAM. 

We store the received data as 16-bit 
values. The most significant bit (bit 
15) indicates the received level, low 
(0) or high (1). The remaining 15 bits 
are used to store the duration that the 
data stayed at that level. This period is 
stored in increments of 4s, resulting 
in a 4s minimum period and 131ms 
maximum. 

Reading data out of the memory is a 
similar process to writing, except that 
a different instruction is used and the 
data is sent in the opposite direction, 
from IC2 to IC1. 


Power saving features 

Since we are powering the repeater 
using solar panels and a small cell for 
storage, its power consumption must 
be minimised, especially when idle 
and waiting for data. This is done by 
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switching off power to components 
when they are not required. 

The two trimpots, VR1 and VR2, 
are only connected to the 5V supply 
when their positions are being read. 
This is done only during the initial 
power-up process and when switch 
S1 is pressed. Any other time, the 
RA6 and RA7 pins that supply 5V to 
the trimpots are low (OV), to prevent 
current flow through the pots. This 
saves 1mA, which adds up to 24mAh 
per day. 

Similarly, the transmitter (TX1) is 
off until it is required to send a UHF 
signal. TX1 is powered directly from 
IC1’s RA2 and RA3 digital outputs 
(pins 1 & 2); these go high (to 5V) to 
power TX1. The power saving is con- 
siderable since TX1 draws some 10mA 
when powered and transmitting. This 
saves 240mAh/day. 

IC2 is on standby unless it is being 
used. So unless there is a valid data 
being received, it draws just 10pA 
instead of the 10mA required when it 
is active. Typically, the memory is only 
powered twice as long as the transmit- 
ter; the first half being the reception 
period and the second half being the 
transmission period. This also saves 
around 240mAh/day. 

Microcontroller IC1 typically draws 
1.7mA and UHF receiver RX1 draws 
2.9mA. The transmit and receive LEDs 
are powered when TX1 and RX1 are ac- 
tive respectively, and draw about 3mA. 
The LEDs can be disconnected using 
a jumper shunt (JP1) to save power if 
they are not needed. They are mainly 
provided for testing purposes. 

The circuit is powered froma single 
600mAH LiFePO, cell. The quiescent 
current draw is around 9.4mA, ie, 
when the transmitter, memory and 
LEDs are off. This means the cell will 
last for around 60 hours or 2.5 days 
when fully charged. 


Charging circuitry 

The LiFePO, cell is charged by IC3, 
which is powered from a 5V regulator 
(REG1) and this, in turn, is powered 
from a solar panel. Note that it con- 
nects to the circuit via a fuse (F1), 
which prevents damage if the cell 
is inserted incorrectly. If the cell is 
reversed, current will flow through 
diode D2 and blow the fuse. Diode D1 
prevents damage if the solar panel is 
accidentally connected with the wrong 
polarity. 

IC3 is a miniature single-cell inte- 
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Parts list - 433MHz Wireless Data Repeater 


1 double-sided PCB coded 15004191, 103.5 x 78mm 

1 IP65 enclosure, 115 x 90 x 55mm [Jaycar HB6216] 

1 600mAh LiFePO, cell (AA sized, ie, 50mm diameter, 14mm long) [Jaycar SB2305] 

1 12V 5W Solar panel [Jaycar ZM9050] 

1 panel label (see text) 

1 25 x 15 x 10mm powdered iron toroid (L1) [Jaycar LO1242] 

1 433MHz ASK transmitter (TX1) [Altronics Z6900, Jaycar ZW3100] 

1 433MHz ASK receiver (RX1) [Altronics 26905, Jaycar ZW3102] 

1 PCB-mount tactile momentary SPST pushbutton switch ($1) 
[Altronics $1120, Jaycar SP0600] 

1 2-way screw terminal with 5.08mm spacing (CON1) 

1 2-pin header, 2.54mm spacing (JP1) 

1 3-pin header, 2.54mm spacing (JP2) 

2 shorting blocks/jumper shunts (JP1,JP2) 

1 1A M205 fuse (F1) 

2 PCB-mount M205 fuse clips (F1) 

1 18-pin DIL IC socket (for 1C1) 

1-2 8-pin DIL IC sockets (optional; for IC2 & REG2) 

1 PCB-mount AA cell holder 

1 flag heatsink, 19 x 19 x 9.5mm [Altronics H0630, Jaycar HH8502] 

1 IP65 cable gland to suit 3-6.5mm diameter cable 

6 PC stakes (optional) 

4 M3 x 5mm panhead machine screws 

1 M3 x 6mm panhead machine screw 

1 M3 hex nut 

2 4.75mm long #0 panhead self-tapping screws 

2 100mm cable ties 

1 500mm length of 1mm diameter enamelled copper wire 


2 175mm lengths of medium-duty hookup wire OR 
2 175mm length of 1mm diameter enamelled copper wire (see text) 


Semiconductors 

1 PIC16F88-I/P 8-bit microcontroller programmed with 1500419A.HEX (IC1) 

1 23LC0V1024-I/P 128kB SRAM in PDIP package (IC2) [Mouser, Digi-Key] OR 

1 23LCV1024-I/SN 128kB SRAM in SOIC package (IC2) [Mouser, Digi-Key] 

1 MCP73831T-2ACI/OT single cell Li-ion/LiFePO4 charger, SOT-23-5 (1C3) 
[Mouser, Digi-Key] 

1 TL499A power supply controller (REG2) [Jaycar Cat ZV1644] 

1 7805 5V regulator (REG1) 

1 1N4004 1A diode (D1) 

1 1N5404 3A diode (D2) 

1 Green 3mm high-brightness LED (LED1) 

1 Red 3mm high-brightness LED (LED2) 

1 Yellow 3mm high-brightness LED (LED3) 


Capacitors 

2 470uF 16V low-ESR electrolytic 
1 100uF 16V electrolytic 

1 10uF 16V electrolytic 

1 470nF 63V MKT polyester 

1 220nF 63V MKT polyester 

2 100nF 63V MKT polyester 

1 100nF multi-layer ceramic 

1 10nF 63V MKT polyester (code 0.01, 103 or 10n) 


Resistors (all 0.25W, 1% metal film) 

3 10kO. (brown black orange brown or brown black black red brown) 
41kQ (brown black red brown or brown black black brown brown) 

1 3300 (orange orange brown brown or orange orange black black brown) 
210kQ miniature horizontal mount trimpots (VR1,VR2) 

150kQ miniature horizontal mount trimpot (VR3) 


(code 0.47, 474 or 470n) 
(code 0.22, 224 or 220n) 
(code 0.1, 104 or 100n) 
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SOLAR PANEL 





Fig.3: this PCB overlay diagram and the photo below show how the 
components are fitted to the board. There are two possible locations for IC2, 
depending on whether you're using the through-hole (DIP) or SMD (SOIC) 
package version. Be careful to orientate the diodes, ICs, cell holder, transmitter 
and receiver correctly, as shown here. Some components can be left off if the 


solar battery charging function is not needed (see the text for details). 


Q 


grated Li-ion/LiPo charge management 
controller. It charges the cell at a con- 
stant current, up to a charge termina- 
tion voltage of 4.2V. The charge current 
is set by the resistance at pin 5. and for 
our circuit, this is set to 100mA by the 
10kQ resistor. The charge LED (LED3) 
lights when the cell is charging. 

The 433MHz UHF transmitter (TX1) 
and receiver (RX1) can operate from 
2.5-5V. Since the transmitter will have 
more output power and thus a better 
range when powered from 5V, rather 
than the 3.2-4.2V from the LiFePO, 
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cell, we use a step-up (boost) regula- 
tor to generate a 5V to power these 
modules. 

However, the circuit can be built 
without this step-up regulator, if maxi- 
mum range is not required. This saves 
time and money. The rest of the circuit 
will then be powered directly from the 
LiFePO, cell. This would also extend 
the cell life as the step-up regulator 
is only around 70% efficient, and the 
lower supply voltage will also mean 
that less current is drawn by IC1, IC2, 
TX1 and RX1. 
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Jumper link JP2 is used to select 
whether these components are pow- 
ered from the 5V boosted supply, or 
directly from the cell. 

The voltage step-up is performed 
by TL499A switching regulator REG2. 
It comprises a switching control cir- 
cuit, a transistor and a series diode. It 
requires inductor L1 to perform the 
boost function and a 470pF low-ESR 
output capacitor for energy storage 
and filtering. 

A simplified circuit showing the 
operation of the boost converter is 
shown in Fig.2. Initially, internal 
transistor Q1 is on and current flow 
begins to build through the inductor 
L1 (at arate limited by its inductance), 
until it reaches a particular value. This 
maximum current is set by the resistor 
connected to pin 4 of REG2. 

When Q1 switches off, L1’s magnetic 
field collapses and so current con- 
tinues to flow to the load and output 
capacitor Cy, via diode D1. This current 
flow causes a voltage to appear across 
L1, which adds to the supply voltage 
(Vin), charging Cy, up to a higher volt- 
age than the input supply. 

The process continues with Q1 
switching on again, once L1’s mag- 
netic field has mostly dissipated, and 
thus the field builds back up until Q1 
switches off again. 

The output voltage is sampled via 
a voltage divider comprising trimpot 
VR3 and a 10kQ resistor. This deter- 
mines the proportion of the output 
voltage applied to pin 2 of REG2, 
which it compares against an internal 
1.26V reference. The duty cycle of Q1 
is controlled to maintain 1.26V at the 
pin 2 input. 

Therefore, by changing the resist- 
ance of VR3, we can vary the output 
voltage. The greater the attenuation of 
this resistive divider, the higher the 
output voltage must be to maintain 
1.26V at pin 2. If VR3 is set to 29.68kQ, 
the divider formed with the 10kQ re- 
sistor reduces the output by a factor of 
3.97. That means that the output will 
be 3.97 x 1.26V = 5V. 

Should the output voltage rise 
slightly above 5V, the TL499A will 
cease switching Q1 until the volt- 
age falls slightly below the 5V level. 
Should the voltage fall below 5V, the 
transistor will be driven with a higher 
duty cycle, to deliver more current to 
the output and bring it back up to 5V. 

Note that the 1.26V reference is only 
anominal value and could be any volt- 
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age between 1.20V to 1.32V, depending 
on the particular IC. So VR3 makes it 
adjustable, to allow the output voltage 
to be set accurately. 


Chaining multiple repeaters 


As mentioned in the features panel, 
it is possible to have more than one 
repeater, to extend the transmission 
range further. The repeater closest 
to the source (original transmitter) 
will send the signal on to the second 
repeater. When the second repeater 
sends out its signal, the first repeater 
must ignore it; otherwise the two re- 
peaters will endlessly retransmit the 
same packet. 

This is prevented by an adjustable 
delay between the end of each trans- 
mission and the unit accepting a new 
packet. This delay ranges from 50ms 
to 12.5s and is set using VR2. The volt- 
age at TP2 indicates the delay setting, 
with each volt representing 2.5s. So for 
example, if VR2 is adjusted for 2V at 
TP2 then the delay is 2.5s x 2 =5s. OV 
gives a 50ms (minimum) delay. 


Construction 


The repeater is built using a double- 
sided PCB coded 15004191 which 
measures 103.5 x 78mm. It fits in an 
IP65 sealed box measuring 115 x 90 x 
55mm. Use the PCB overlay diagram, 
shown in Fig.3, as a guide during as- 
sembly. 

Start by soldering the battery 
charger, IC3. This is in a small five-pin 
SMD package. The correct orientation 
is evident since it has two pins on one 
side and three on the other. Tack solder 
one of the pins (ideally, at upper right) 
then check its orientation and solder 
the diagonally opposite pin. 

Then proceed to solder the remain- 
ing pins, and refresh the first joint with 
a bit of added solder or flux gel. 

If you accidentally bridge the three 
pins which are close together, add a 
little flux paste and then clean up the 
bridge with the application of some 
solder wick. 

The PCB has the option to use a DIP 
(through-hole) or SOIC (SMD) package 
for the memory chip (IC2). Only one 
type should be installed. If using the 
SOIC package, solder it next, using a 
similar procedure as described above. 
But first, make sure that its pin 1 dot 
or divot is at upper left, as shown in 
Fig.3. It should also have a bevelled 
edge on the pin 1 side. 

The SOIC package for IC2 is larger 
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than that of IC3, so you should find it 
a little easier. Again, any accidental 
bridges can be cleaned up with flux 
paste and solder wick. 

Install the resistors next. They are 
colour coded with the resistance value 
as shown in the parts list. A digital 
multimeter should also be used to 
check the resistor values, as the colour 
codes can be hard to read. 

Fit the diodes next, making sure to 
insert them with the correct polarity, 
ie, with the striped ends facing as 
shown in the overlay diagram. D2 is 
considerably larger than D1. 

We recommend soldering an IC 
socket for IC1. The remaining ICs 
(including IC2, if using the DIP pack- 
age version) can be fitted via an IC 
socket or soldered directly in place, 
which would give better long-term 
reliability. Take care with orientation 
when installing the socket(s) and ICs. 
Additionally, make sure that IC2 and 
REG2 are not mixed up. 

Next, there are six optional PC 
stakes to install. These make wiring 
connections and test point monitor- 
ing easier. These are located at TP5V, 
GND, TP1, TP2 and one each for the 
antenna connection of RX1 and TX1. 

The capacitors should be mounted 
next, starting with the 100nF multi- 
layer ceramic capacitor next to UHF 
receiver RX1, then following with the 
MKT polyester types, none of which 
are polarised. Follow these with the 
electrolytic types, which must be in- 
stalled with the polarity shown; the 
longer lead goes into the pads marked 
with a “+” sign, towards the top of 
the PCB. 

REG1 can be now fitted. It is mount- 
ed horizontally on a heatsink. Bend the 
leads so they fit the PCB holes while 
the mounting hole lines up with the 
hole on the PCB. Sandwich the heat- 
sink between the regulator and PCB 
and do up the screw and nut before 
soldering the leads. 

Trimpots VR1 to VR3 are next. VR1 
and VR2 are 10kQ and would typically 
be marked with 103. VR3 is 50kQ and 
may be marked as 503. Then install 
the LEDs, LED1 to LED3. In each case, 
the anode (longer lead) goes to the pad 
marked with an “A” on the PCB. The 
bottom of the LEDs should be about 
5mm above the PCB surface when 
soldered in place . You can then fit 
pushbutton switch S1. 

Install the 3-way and 2-way SIL 
headers now, for JP1 and JP2. Then 
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fit the 2-way screw terminal, CON1, 
with the wire entry holes end toward 
the bottom PCB edge. 

L1 is wound using 17 turns of 1mm 
enamelled copper wire on a 25mm 
diameter powdered iron toroidal core. 
These turns should be wound neatly 
around the perimeter, as shown in 
Fig.3. Remove the enamel from the 
ends of the wires using a hobby knife 
so you can tin them and then solder 
them to the PCB pads shown. The core 
is held in place with two cable ties that 
loop through PCB holes, as shown. 

The battery holder must be orien- 
tated as shown (red wire to +) and 
secured to the PCB using two self- 
tapping screws through the cell holder 
and into the slotted holes on the PCB. 
Cut the wires from the battery short 
and terminate them to the PCB. 

Insert the fuse clips for F1, making 
sure that the end stops in the clips are 
facing to the outside. Before soldering 
them, insert the fuse so that the clips 
are correctly aligned, for good contact 
with the fuse. 

Finally, the UHF transmitter and 
receiver can be mounted. These must 
also be orientated correctly. The pin 
markings are printed on the transmit- 
ter module. Orientate the antenna pin 
connection on the transmitter and 
receiver so that they are adjacent to 
the antenna connections on the PCB. 

You have two options for the an- 
tennas: either use 170mm lengths of 
hookup wire coiled inside the box or, 
for better range (>40m), 170mm-long 
lengths of stiff enamelled copper wire 
protruding from the box. 

The extra 5mm in the lengths 
specified in the parts list is to give you 
enough wire to solder to the antenna 
terminals (for the hookup wire) or to 
bend over at the tip (for the enamelled 
copper wire). 

Having chosen which antenna wire 
you want to use, cut the appropriate 
lengths and solder them to the antenna 
PC stakes, or directly to the antenna 
pads if you are not using PC stakes. 

Note that you will need to scrape 
some insulation off the end of the 
enamelled copper wire (eg, with a 
hobby knife) so that you can tin and 
then solder it to the board. 


Mounting it in the box 

There is not much work required to 
mount the board in the box. We drilled 
a hole in the side for the cable gland 
required for the solar panel wiring. 
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This hole is 25mm up from the out- 
side base of the case opposite CON1. If 
you only require a UHF transmission 
range of less than 40m, the antenna 
wires can be bent around the inside 
perimeter of the box. 

For maximum transmission range 
(up to 200m), the stiffreceiver antenna 
wire should pass through a small hole 
in the upper edge of the box, and the 
receiver wire similarly should pass 
through a small hole in the lower edge 
of the box. 

Once it’s through, bend the tips 
over to form small 3mm loops. That 
prevents you poking your eye out on 
the otherwise sharp end. 

1mm wire is used so that the wire is 
stiff enough to stay straight. The wire 
exit holes should then be sealed with 
a neutral cure silicone sealant. 

The repeater PCB is held inside the 
case by M3 screws that go into the 
integral threaded bushes in the base 
of the box. 

The Neoprene seal for the lid needs 
to be placed inside the surround chan- 
nel and then cut to size. The start and 
finish gap in this seal should be along 
the lower long edge of the lid. 


Labelling it 

To produce a front panel label, you 
have several options. 

For a rugged label, mirror the de- 
sign and print it onto clear overhead 
projector film (using film suitable for 
your type of printer). This way, the ink 
will be on the back of the film when 
the label is affixed. Attach with clear 
silicone sealant. 

There are alternatives such as 
“Dataflex”and “Datapol” labels for use 
with inkjet and laser printers — you’ll 
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Here’s how it looks 
mounted in its 
waterproof 
ase. The blue 
and yellow 
wires are the 
170mm-long 
transmitting 
and receiving 
antennas — 
they can be left 
“floating” in the 
case but ensure 
there are no bare 
ends to short to 
any components or 
to the PCB. 


find more information and direct links 
to these products at: www.siliconchip. 
com.au/Help/FrontPanels 





Solar panel or mains power 


We used a 12V 5W Solar panel to 
power the unit. A 6V panel would be 
more efficient, since we are reducing 
the voltage down to 5V. However, 6V 
panels aren’t easy to find. The panel 
power rating only needs to be 1W. 

If you want to run the unit from 
mains power, a 9V plugpack could be 
connected to CON1 instead. 

Make sure the plugpack is out of 
the weather, with only the low voltage 
wires going to the repeater. 

In this case, IC3 and the LiFePO, cell 
are not required, although you could 
leave them in so that the unit will run 
even during power outages (assuming 
the transmitting and receiving units 
are also battery-powered). 

If you're leaving off IC3, you could 
also omit F1, D2, LED3 as well as IC4 
and its associated parts. The 5V output 
from REG1 could then be directly used 
to power the circuit by connecting a 
wire link from the regulator output to 
the 5V terminal at JP2. 


Setting up 

It is essential that the shunt is not 
placed on JP2 until VR3 is adjusted to 
for 5V at the output of IC4. To do this, 
insert the LiFePO, cell into the holder 
and measure voltage between the GND 
and TP5V PC stakes. Adjust VR2 fora 
reading of 5V. 


Installation 


The repeater should be mounted in 
a location that will give good recep- 
tion of the original UHF signal. The 
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LED indicators (LED1 and LED2) will 
let you know if the signal is received 
and retransmitted ifa shunt is installed 
on JP1. 

VR1 must be adjusted so that the 
receive LED does not flash at all, or at 
least not too often, when no signal is 
being received. But if it’s adjusted too 
far, the repeater will not work, so you 
need to check that it is still retransmit- 
ting valid data. 

To achieve this, initially set VR1 
fully clockwise and press S1 so that 
the VR1 setting is updated. More of 
the random signal noise will now be 
detected and the receive LED will flash 
now and then, followed by the trans- 
mit LED. Adjust VR1 anticlockwise 
a few degrees and press S1 to again 
update the setting. Check that the 
repeater retransmits correctly. 

If the repeater operates correctly, try 
further anticlockwise adjustment. The 
final adjustment will be a compromise 
between reliable repeater operation and 
noise rejection from the UHF receiver. 

Adjusting VR1 too far anticlock- 
wise will prevent successful repeater 
operation. 

VR2 should be set fully anticlock- 
wise if you are using a single repeater. 
If you are using multiple repeaters, set 
VR2 on all repeaters fully clockwise, 
giving a 12.5s delay. If your transmitter 
can send signals more often than this, 
you will need to experiment with the 
maximum clockwise rotation of VR2 
that will still cause all valid packets 
to be relayed. 

Remember that the settings for the 
VR1 and VR2 trimpots are only read by 
IC1 when first powered up and when 
S1 is pressed. LED1 and LED2 light 
when S11 is pressed, to acknowledge 
that the settings have been updated. 

Once you’ve finished adjusting 
VR1 and VR2, you will need to check 
whether the ultimate receiver is cor- 
rectly decoding the retransmitted code 
from the repeater(s). If not, you may 
need to move them. 

You can then permanently mount 
the repeater(s). This is done using 
the mounting holes provided in the 
box corners. 

These holes are accessible when the 
box lid is removed. 

Alternatively, you could use a 
bracket and attached this to the box 
using the box mounting holes. 

Avoid drilling extra holes in the box 
as this could compromise its water- 
tight seal. 56 


siliconchip.com.au 











oo @ 
| : hardcore 
€lectronics by 


italia) em eXeXs-1] 0)(-¥ 










HDMI 18Gbps 
repeater with 4K 
up and down scaling 
Signal boost for long cable 
runs. Will also scale up / down 
to and from 1080p and 4K, 
or pass through. Mains power 
supply included. 
AC1728 WAS $149 








*119. 


SAVE $30 










4K UHD €xplained 


Your TV screen is like a grid with many dots (called 
pixels), the more pixels the better the picture. A 4K Composite audio video to HDMI 
UHD (ultra high definition) image has 8 million pixels, 2.0 4K upscaler converter 
compared to a FHD (full high definition) screen that A universal converter for analogue 
only has 2 million pixels. 4K UHD has four times better composite input to HDMI 4Kx2K@60Hz 
resolution compared to FHD. For the ultimate viewing output. Provide advanced signal 
experience, combine 4K UHD with High Dynamic Range processing with great precision, 
(HDR) feature, which shows more details between the colours & resolution. 
bright and dark on your screen. * Inputs: 1 x RCA, 1 x S-Video, 1 x USB 
* Output: 1 x HDMI 

AC1776 WAS $149 yo 
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JUST rf JUST 

ayy ray JUST See 
$BQ95 va $279 $299 . 
UHF Wireless microphone & receiver 5.8GHz HDMI 1080p CONCORD 
Add wireless functionality to your wired-setup! It wireless AV sender 50m HDMI fibre optic cable 
provides standard 6.5mm plug-in functionality to suit Uses both fibre optic and Uses both fibre optic and copper cores to 
just about any PA system or amplifier. Up to 40m range. copper cores to transmit Ultra transmit Ultra HD 4K signals. Supports 
7 selectable UHF channels. Includes USB charging HD 4K signals. Supports up to up to 6Gbps per channel(18Gbps). 


cable. AM4134 6Gbps per channel(18Gbps). 
Lightweight, flexible, with 
ultra-small fixed installation 
bending radius of 20mm. AR1917 
Learn more: 
www.jaycar.com.au/avsender 


Lightweight, flexible, with ultra-small 
fixed installation bending radius 
of 20mm. WQ7496 


BACK 





JUST 


$4995 


VGA to composite 
& S-Vido converter 


JUST 


$6995 


Slimline indoor UHF/VHF 


CW2805 





ow ans FF scene 


Extra large TV 
wall mount brackets 


Designed to mount flat panel screens from 50 to 100” Converts a VGA output to standard RCA antenna with signal meter 

and weighing up to 100kg onto a wall. VESA standard composite video, VGA and s-video outputs Features built-in amplifier to boosts UHF and VHF 
compliant. Solid steel construction. simultaneously. Simultaneous PC & TV display. signals and includes an internal 4G/LTE filter. LED 
Fixed CW2805 $69.95 USB powered. XC4907 signal meter. Up to 25km TV transmitter range. LT3158 
With Tilt CW2807 $99.95 Due Mid May. 












NOW JUST 
$6495 $2995 @ 
. Wireless earphones 

True Wireless Stereo (TWS) is the latest SAVE $5 LS) N with TWS & bluetooth® 
innovation in Bluetooth speaker technology. It technology 
allows you to wirelessly connect two speakers 2 x 4W 360° stereo Can be used separately or as a pair. 
together to provide you true left and right surround speaker with TWS Built-in microphone. Rechargeable 
channel and enjoy true stereo sound quality Awesome sound. Waterproof IPX7 rated. battery. Includes earphone charging 
without the use of cables or wires. Rechargeable battery. 3.5mm AUX. case and USB charging cable. 





168mm long. XC5240 WAS $69.95 AA2145 Due Early May. 
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splitters & 
switches... 


what's the 
difference? 


ASPLITTER will connect one HDMI device to several 
HDMI devices. Perfect for connecting a Blu-Ray or 
DVD player to a couple of TVs...A SWITCHER on the 


“we 


MULTIPLE 
DVD / BLU-RAY OUTPUTS 


PLAY! FER 
<< t 
HDMI SPLITTER 
Allows a device with a single 


HDMI output to be connected 
to several devices with HDMI inputs. 


other hand allows you to choose between several inputs. 
For example connect your DVD player, Blu-Ray player, gaming 
console and a camera to your HDMI TV and choose between them. 


ONLY 


$4 gs 


3-Way HDMI 1.3 switcher 

Simple switcher to connect 3-inputs (such as a Blu-ray 
player, media centre, etc) into one display (eg, a TV). 
¢ 3x HDMI inputs, 1 x HDMI output 

© No external power supply required 

e 51(W) x 51(D) x 15(H)mm 

AC1711 


FROM 


$4995 


HDMI 1.4A splitters 

with 4K UHD support 

Converts HDMI input signal into identifical and 
simultaneous outputs. Supports 4K UHD, 3D video, 
Dolby-AC3, DSD audio and more. 

2 Port 2 Outputs AC1710 $49.95 

4 Port 4 Outputs AC1712 $99.95 


AC1719 


UHF phased 

array TV 

antenna 

Ideal for problem digital 

reception areas. Receives 

either horizontal or 
vertical signals. Built-in 
filter for next gen 4G/LTE 

network signals. LT3154 


Kingray 


FROM 


as 575 


TV Flyleads UP LT 
RG-59 coaxial. Plug to plug. 

Double shielded. 
1.5m WV7350 
3m WV7351 
5m WV7352 
10m WV7354 


$5.95 
$7.95 
$9.95 
$16.95 


5A click & coll Buy 


ONLY 


$3995 


3-Way HDMI 1.4 switcher 

with remote control 

Switch HDMI signals from multiple sources to a single 
output via one-touch button or the remote control. 

¢ 3 x HDMI inputs, 1 x HDMI output 

© 87(L) x 59(W) x 19(H)mm 

AC1705 


$99 
SAVE $20 


4-Way HDMI 1.4 switcher 

with audio splitter 

Allows fast changing between up to 4 HDMI sources 
such as an XBox, media player, DVD player etc. 
Features a TOSLINK and 3.5mm stereo audio socket. 
Remote control included. 

¢ 4x HDMI inputs, 1 x HDMI output 

© 146(L) x 70(W) x 24(H)mm 

AC1707 WAS $119 


Indoor TV amplifier 

with single output 

Simple and neat solution to 
boost your TV antenna signals. 
Plug-in type. Up to 20dB gain. 
LT3285 WAS $44.95 


Kingray 


iN 
; NOW 


Flushmount 75 Ohm 
TV wall socket with 
F59 rear connection 
Standard power point size. 
PAL socket output. F59 
connection at rear. LT3065 


ONLY 


Compression crimping 
tool for f-type plugs 
Accurately positions the plug, 
and a spring-loaded 

clamp holds the 

cable in position. 

143mm long. 

TH1803 

WAS $29.95 


NOW 


online & collect in 


$3995 


SAVE $5 


$495 


$9 495 


SAVE $5 


HDMI SWITCHER 

Allows several devices with HDMI outputs 
to be connected to a device with a 

single HDMI output. 


GAME 
CONSOLE Gi 


VIDEO 
CAMERA 


CAMERA 


Oma 
HONG 2 


ONLY 


$9995 


4-Way HDMI 2.0B switcher 

with HDR & remote control 

Connect up to 4 HDMI sources to one TV, monitor or 
receiver. Supports High Dynamic Range (HDR) video. 
Mains power adaptor included. Up to 4K x 2K resolution 
¢ HDMI & 3.5mm audio outputs 

© 121(W) x 7A(D) x 16(H)mm 

AC1780 


$109 


SAVE $20 


4 x 2 HDMI 1.4 matrix switcher splitter 
Distribute up to four HDMI sources to 2 displays 
simultaneously. Up to 4K UHD resolution. 

Remote control included. 

¢ 4x HDMI inputs, 2 x HDMI outputs 

© 85(W) x 26(H) x 192(D)mm 

AC1714 WAS $129 


NOW 


$9995 


SAVE $20 


UHF/VHF mast head amplifier 
Provides a powerful boost to help provide 
a quality free-to-air TV signal to your set 
top box. High gain amplification. 

LT3276 WAS $49.95 


ONLY 


$4,495 


30m antenna cable 
Belden RG6é coax. USA made. 
Austar/Foxtel approved. 
WB2014 





your destination for 
audio solutions 








Suitable 
microphone 
AM4190 
Valued at 
$9.95 





2 x 18WRMS NOW 
Simple, fairly bullet-proof transistor 
amp. Surprisingly loud! $3 29s 


170mm long. Mains powered. 
AA0472 WAS $39.95 SAVE $7 


merrecn | 





2 x 2S5WRMS NOW 
Compact, delivering up $ 

to 25WRMS of power per 1 1 9 
channel. Volume, bass & 

treble controls. Microphone SAVE $1 0 


input. 18VAC 2.2A power 
supply included. 216mm 
long. AA0486 WAS $129 


(3 oisrrecy 





2 x 2OWRMS NOW 
Ultra-compact. 3-way $ 

input selection. Volume, 1 29 
bass & treble controls. 

Mains powered. 172mm SAVE $20 


long. AA0517 WAS $149 





Phono stereo preamplifier 

Provides frequency equalisation and increases the 
signal level so that it can be fed to your line-level 
amplifier. AUX input. AC1591 WAS $59.95 






4-Way stereo speaker switch 
Allows up to four pairs of speakers to be connected 
to a single entertainment unit or amplifier. 

AC1618 WAS $29.95 





trade 
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: buy one S ge 
econd one 
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FROM 
$4225 
Full range s° 


Bo) 
replacement speakers Ye 
Suitable for use in home theatre, surround 


speakers, multimedia speakers and 


portable speakers. Advanced alloy cone 4" 27WRMS CW2190 $24.95 

design coated with special damping 5” 5SOWRMS CW2192 $29.95 FROM 
material. 8-Ohm. 6.5” 60WRMS CW2194 $34.95 

1" 1WRMS  AS3030.$12.95 8" 9OWRMS CW2196 $39.95 $ 2 4? 5 
2” 10WRMS AS3032 $17.95 10" 225WRMS CW2198 $64.95 : 
3" 15WRMS AS3034 $19.95 12" 225WRMS CW2199 $79.95 ea 





JUST JUST 
$4125 $4295 
2-Way gold Piezo horn tweeter 


terminals on a plate 

Top quality speaker terminal. 

¢ Plate size 99 x 99mm. 

¢ Hole cutout is round - 78mm dia. 
PT3012 


ONLY 


$ QISe2 LE 


Gold plated ils plugs 
Designed for monster type speaker cable. Side entry 
hole, with finger screw locking action. 








gon? LFSC Soh?! 


er 


Red PP0426 Black PP0427 
NOW NOW 
$450 $4495 
SAVE $5 SAVE $3 


Speaker grille cloth 

High quality, ideal for protecting 
expensive drivers and allowing 
all of the sound to get through. 
¢ Black. 1.5 x 1m 

CF2752 WAS $17.50 


FROM 


$995 
E $5 


Sound deadeners 
Self-adhesive and easily moulded. 
Provides acoustic isolation and insulation 
for roof, firewall, floor, quarter panels, 
doors and under bonnets. 330mm wide. 
Foam Absorber AX3662 WAS $14.95 NOW $9.95 
Butyl Deadener AX3687 WAS $29.95 NOW $24.95 
Butyl/Foam Combo AX3689 WAS $29.95 NOW $24.95 


nae 





Response 
paper cone 
woofers 


Excellent for replacement or for new 
speaker design construction. Produces massive quantities of 
clean bass output for any musical application. Equipped with 
strong steel frame baskets, high power magnet and voice coils. 





Does not require a crossover and is 
perfect for general PA applications. 
100WRMS. 8-Ohms. CT1930 






Sound dampening roller 
Heavy duty roller to apply sound 
deadening material. 

AX3668 WAS $14.95 


CW2190 





































CW2194 


JUST 
19%: 
25mm Titanium 
dome tweeter 
Produces very crisp and clear 


high frequencies. SOWRMS. 
8-Ohms. CT2007 
FROM 


$1495 ae = 


"Speakon" ie daater connectors 

4 pole with locking ring. Solderless termination. 
InLine Speaker Connector PP1090 $14.95 
Right Angle Speaker Connector PP1091 $19.95 





FROM 


30m Roll $4 295 


speaker cables 

Light Duty 14/0.14mm 
WB1703 $12.95 

Heavy Duty 24/20mm 
WB1709 $32.95 

Extra Heavy Duty 79/0.2mm 
WB1713 $74.95 


Attn: Trade 


card holders! 
2019 Catalogue 

out now! FREE. 

When you update your 
details in-store and 
mention this ad. 
Valued at $4.95 

Offer valid until 23 May 
2019. In-store only. 
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_ Uses a new 8-bit-friendly Fast Fourier Transform library to 


_ midranges, and treble. Contained in a tidy little box so 






PROJECT: 
music beat bar 








Pump up the jam with this beat bar! 
Get a visual display that bounces in tune with the music. 


detect different frequencies and pulses the bars for base, 
you can take it and hang it up at your next party. 


SKILL LEVEL: Intermediate 
TOOLS: Soldering iron, drill, hot glue gun 


SEE STEP-BY-STEP INSTRUCTIONS AT: 
www.jaycar.com.au/music-beat-bar 


XC4414 $29.95 
XC4384 $29.95 
HB6082 $11.95 
XC4380 $9.95ea 
XC4438 $7.95 


1 x Duinotech Nano Board 

1 x Monochrome OLED Display Module 
1 x Black Enclosure Box 

4 x RGB LED Strip Module 

1 x Microphone Sound Sensor Module 


1 x 150mm Socket to Socket Jumper Leads WC6026 $5.95 
1 x SPDT Miniature Toggle Switch 
1 x PC Mount 9V Battery Holder 


ST0335 $2.95 
PH9235 $1.25 


Arnon 
$345 


Brushed aluminium knob 
Ideal for Hi Fi projects. Suits 
0.25"/6.35mm shaft. 

16mm HK7020 $3.45 

22mm HK7022 $3.65 





Wi-Fi mini 
ESP8266G 
main board 


Perfect compact solution to your 
loT sensor node problem. Packs an 
80MHz microcontroller with Wi-Fi 
into a board. 4MB flash memory. 
11 digital IO pins. XC3802 






ONLY 
$995 


28 Pin SOIC/SOP to 
DIP breadboard adaptor 
Allows SMD IC’s and other 
smaller pitch components to 

be used with standard 0.1” 
prototyping equipment. PI16530 


ONLY 


$9995 © 


Duinotech nano board 
Small in size, but packs virtually all the 
features of the full duinotech boards into 
a tiny DIP-style board that drops directly 
into your breadboard. ATMega328P 
microcontroller. XC4414 












JUST 


$3995 


€SP3e2 main board 
with Wi-Fi and bluetooth® 
Powerful dual core microcontroller 
equipped with Wi-Fi and Bluetooth® 
connectivity. 512kB of RAM, 4MB of flash 
memory and heaps of IO pins. XC3800 






etching kit 


bath and tweezers. 
HG9990 WAS $27.95 








Complete with assortment of double- 
sided copper boards, etchant, working 










NERD PERKS 
BUNDLE DEAL 


$6975 


SAVE 45% 


KIT VALUED AT $129.75 








NOW 


$495 


ne CAVES 


Transistor pack 
100 pieces mixed BC series 
transistors. ZT2170 


Mono amplifier module 

Uses the LM386 audio IC, and delivers 0.5W 
into 8 ohms from a 9V supply making it ideal 
for all those basic audio projects. 


ONLY AA0373 WAS $7.95 


$3495 















Light duty 
hook-up wire pack 
Quality 13 x 0.12mm 
tinned hook-up wire on 
plastic spools. 8 rolls of 
different colour included. 
¢ 25m on each roll 
WH3009 








Upload your idea at jaycar.com.au/thehub 


If we produce or publish your 
electronics, Arduino or Pi project, 
we'll give you a complimentary 


$100 gift card. 














2 FOR 
$10 
SAVE 25% 


Adhesive copper tape 
Adhesive backing. Solderable. 
Repair printed circuit boards. 
5mm x 10m. NM2870 $6.95 each. 






FROM “= 


$595 re 


Blank fibreglass PCB 
Pure copper bonded to quality 
fibreglass base. 

150x 75mm _ HP9514$5.95 
150 x 150mm HP9512 $8.95 
300 x 300mm HP9510 $19.95 











your destination for Arduino, Pi & imagination. 


ital fal em ekess-11 0) (-¥ 






We love to help you make 
things! Get started, or add to 
your collection of Arduino® 
and Raspberry Pi compatible 
hardware, and build 
something new! 


This icon indicates that the product will 
work in your Arduino® based project. 








This icon indicates that the product will 
work in your Raspberry Pi project. 


$1499 
_ SAVE $100 


Inventor » : 
Dual Filament 3D Printer 

Totelly-enclosed design safe to use indoors and around children. {t features 
a stunning 50micron print resolution for a high-quality finish to your prints. 
Equipped with five cooling fans. Built-in camera so you can monitor the 
progress of your prints remotely. 

* 3.5” touchscreen panel 

* Wi-Fi, USB cable & SD card connect 

* Resume printing from power failure 

* Support dual-colour and dual-material printing 

* Prints up to 230(L) x 150(W) x 160(H)mm 

Note: As the item is large, it’s not available in all stores but we can easily 

get one for you. Please call your nearest store for availability. 


714230 WAS $1599 





1.75 PLA filament 

The best, most consistent and most 
tested PLA filament engineered and 
manufactured by FlashForge, perfect 
for use with FlashForge’s 3D printer 
range. Various colours available. 
600g 7114260-114266 $24.95 

kg 114270-1L4276 $39.95 


INAWY a ONLLNId GE 





$350 


Add sound to your project 
All purpose replacement speakers 
for your next project. 8 ohm. 





AS3025 





27mm0.25W AS3002 $3.50 

40mm 0.25W AS3004 $3.95 : 
57mm 0.25W AS3000 $4.50 AS3004 
76mm 1W AS3006 $4.95 

50 x 90mm 5W AS3025 $6.95 
JUST AS3002 





Hot 
electronic 
projects! 


$9695 


Jaycar 
JUST as 


$4495 


Short Circuits Vol. 3 book 
Build over 30 circuit board-based 


Short Circuits III project 
- guitar sustain unit 








Add this sustain unit to your guitar to make 
it sound more fulfilling. Features adjustable 
Decay and Attack. Kit includes PCB, 6.5mm 
sockets and electronic components. KJ8100 
Recommended box: UB3 HB6013 $3.95 


More ways to pay 


projects (sold separately) such as Ding 
Dong door bell, simple intruder alarm 
and amplifier. Soldering techniques & 
use of digital multimeter are discussed in 
detail. BJ8505 


eftpos 


mastercard, 


Music 


> : 
3 
ag 
shield i 
Combines allthe | 24 
} aes 
components you | @ &, 
need to build an 2 
MP3 player in one S 


e © 


MP3 decoder IC 
(which also does 
WAV and MIDI), 
micro SD card 
slot and control 
buttons. XC4544 


shield. Includes 








oe 


JUST 


$3995 


MIDI Shield 

Add musical instruments by giving 
your project a powerful MIDI 
communication protocol. Provides 
both MIDI-IN and MIDI-OUT 
connections, as well as a MIDI-THRU 
port. XC4545 





JUST 


$4 995 


Si4703 FM tuner 

breakout board 

Based around one of the IC’s 
commonly used to add FM radio 
reception to mobile phones and other 
gadgets. Provides a stereo 3.5mm 
socket for output and capable of 
driving headphones directly. XC4595 





Sffy 
‘44 






JUST 
$795 


Microphone sound 

sensor module 

Great for any project that needs 

to detect sounds. Includes both 
analogue (for waveform) and digital 
output with adjustable threshold for 
simple sound detection. XC4438 


JUST 
$395 


Active buzzer module 
The easy way to add sound to your 
project. Hook up a digital pin and 
ground, and use the tone() function to 
get your Arduino® beeping. XC4424 


a # zip 


X€3$200A-va100 





Gameduino 
A game adaptor for Arduino® built 

as a single shield that stacks up 

on top of the Arduino® and has 

plugs for a VGA monitor and stereo 
speakers.Controlled via SPI read/write 
operations, and looks to the CPU like a 
32Kbyte RAM. XC4550 





Just 
MP3 recording module 

A full featured MP3 module that 
supports both playback and recording. 
An onboard microphone is used for 


audio in, and a 3.5mm jack provides 
the output. XC4516 





Record and playback module 
Includes a small built-in amplifier 
capable of directly driving an 8 ohm 
speaker. Ideal if you need to playback 
a specific sound. Records up to 10 
seconds. XC4605 





2 x BW amplifier module 
Provides a complete 2 x 3W stereo 
audio amplifier, ideal for driving small 
speakers and earphones. XC4448 


onsale 24.4.19-23.5.19 E77 





love jaycar? you're going to love our rewards! 


a en 


=} ale) 8) Earn Points Get Rewards + Perks 


In store & online For dollars spent eCoupons for future shops in store offers, event invitations, 
1 point = $1 200 points = $10 eCoupon account profile and more... 


Your Jaycoins have gone digital! Rewards faster + new perks. 


All points accrued and rewards are now issued electronically for redemption in store. All pre-issued Jaycoins cards 


will continue to work as normal. Visit website for more details. 


4’-6.5" 

Kevlar coaxial 
car speakers 
Clean, crisp, natural 
and smooth balanced 
sound. Sold as a pair. 
CS2400 - CS2402 


CLUB OFFER 


FREE’ 


12-piece car audio & 
interior removal kit 
TH2339 valued at $19.95 
*valid with purchase of 
CS2400, CS2401 or CS2402 


NERD 
PERKS 
SAVE 


20% = 


Ceramic capacitor pack 
Values from 10pF to 0.1uF. 60 pieces. 
RC5399 REG $9.95 CLUB $7.95 


NERD 
PERKS 
SAVE 


25° 


Dummy camera kit 

2 x dome, 2 x bullet cameras and CCTV 
sticker to warn thieves off. 

LA5336 REG $59.95 CLUB $44.95 


NERD 
PERKS 
SAVE 


30” 


120mm ball 

bearing fan 

IP55 rated. 12VDC. 

YX2522 REG $36.95 CLUB $24.95 


y= | 





REG PRICE FROM 


$8995 


Car amplifier 
wiring kit 
Acomplete wiring 
kit for installing an 
amplifier into your 
vehicle. AA0442 
REG $64.95 


K type thermocouple 
Plug in probe. 
QM1282 REG $14.95 CLUB $7.45 


NERD 
PERKS 
SAVE 


20” 


Heavy duty 

battery charger 

Trickle charge. 6V/12V@8A/2A. 
MB3522 REG $74.95 CLUB $59.95 


pene 
PERKS 
SAVE — 


30” =. me 


2-Way HDMI 

bi-direction switcher 

2 x HDMI inputs, 1 x HDMI output. 
AC1713 REG $49.95 CLUB $34.95 





SAVE 


25” 


30m power cable 

15A twin core for auto 

and marine applications. 

WH3077 REG $69.95 CLUB $49.95 


NERD 
PERKS 
SAVE 


30” 


RJ45 plug Spin 

for stranded cable 

8P8C. Pack of 10. 

PP1437 REG $14.95 CLUB $9.95 


NERD 
PERKS 
SAVE 


20” 


Mini glue gun 
30W. Mains powered. 
TH1997 REG $12.95 CLUB $9.95 


NERD PERKS 
BUNDLE DEAL 


KIT VALUED AT $338 


S" Monitor 

& reversing 

’ camera bundle 
9" LCD Monitor 
QM3874 REG $219 
12V Reversing Camera 
QC3536 REG $119 


Nashua gaffer ta 


40m roll. Black or silver. NM2812/14 
REG $37.95ea CLUB $29.95ea 


; a 
Assorted LEDs - 100 pack 
3mm and 5mm LEDs of mixed colours. 
ZD1694 REG $29.95 
CLUB $19.95 


NERD 
PERKS 
SAVE 


25” 


AC1300 dual band USB 
wireless network adaptor 
2.4GHz and S5GHz. Up to 1300Mbps data 
rate. YN8336 REG $69.95 CLUB $49.95 


FAST & 
| STABLE 





your destination for 


workbench essentials 



























1. Environment meter 

¢ Sound level meter, light meter, 
humidity meter and temperature 
meter in one unit 

* 600V, 4000 count 

* AC/DC voltages up to 250V 

¢ AC/DC current up to 10A 

* Resistance, non-contact voltage 
measurement 

QM1594 WAS $129 


2. 35-Piece multi-purpose 
precision tool kit 
¢ Comprehensive tool set in a quality 
zipped storage case 
* Slotted, Philips, Pozi, Torx, Hex 
* Cutters, pliers, flexible shaft, tweezers 
TD2117 


3. Roadies cable tester 
¢ Test Speakon, RCA, USB, RJ45 cables 
¢ LED indicators 
* Bullet-proof metal construction 
¢ Requires 1 x 9V battery 
(use SB2423 $3.95) 
AA0405 WAS $79.95 


Serious about 


soldering? 


4. Illuminated gooseneck pz 
magnifier 

© 2x main lens, 5x insert lens 
plus 2 LED lights 

° Flexible neck 

* Clip-on or free standing 

* Includes protective lens pouch 

© Requires 3 x AAA batteries 
(use SB2413 $2.95) 

QM3532 


5. 2OMHz USB oscilloscope 

¢ Ultra portable 

¢ USB interface plug & play 

e Automatic setup 

¢ Waveforms can be exported as 
Excel/Word files 

© Spectrum analyser (FFT) 

¢ Includes 2 probes 

QC1929 WAS $199 


6. 30 Drawer parts cabinet 

¢ 6 rows of 5 drawers 

¢ Measuring 50(W)x30(H x115(D)mm 

¢ Stack multiple units together for 
larger storage 

HB6323 


$349 


SAVE $30 


An outstanding, fast, accurate SOW ESD safe soldering 
station from Thermaltronics uses the proven Curie Point 
technology to bring the tip up to operating temp using 
fast RF induction. It works with leaded and unleaded 
solder. Mains powered. 0.5mm chisel tip included. 
155(H) x 110(W) x 92(D)mm.7$1584 WAS $379 
ALSO AVAILABLE: 

Spare Tips with Heating Element FROM $29.95 








JUST JUST 
$4595 $4595 

ea = 
Solder flux paste — 200gm duratech solder 


60% Tin / 40% Lead. Resin cored. 
2 sizes available. 
1.00mm NS3010 
0.71mm NS3005 


Provide superior fluxing and reduce solder waste. 
Non-flammable, non-corrosive. 56g tub,NS3070 
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JUST 


$4 6? 


JUST 


$695 
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Metal desolder tool 

Made of lightweight metal and has strong suction. 
Automatically cleans itself with each action. 
195mm long. TH1862 


Solder sucker & blower bulb 
A quick & simple sucker/blower that is cheap, 
compact and effective. 110mm long. TH1850 
Note: soldering iron and circuit board not included. 


JUST JUST 


$9495 


JUST 


$9495 $4 gs 
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Adjustable compression 
crimping tool 

Works with RG6 and RG59 coax 
cables. TH1800 


Multi-function compression Rotary coax stripper 
crimping tool Handy stripper suitable for 
Provides interchangeable dies to RG58/59/62/6 and 3C2V 75 ohm 
crimp RCA, BNC, PAL and F-Type cable. TH1820 

connectors with ease. TH1807 








SAVE $10 


Micro sound level meter 
Ideal for environmental, safety and 
sound system testing. 

* Range: 40 - 130dB 

¢ A-weighted 

© Pocket size, min/max hold, backlit 
QM1591 WAS $49.95 


NOW 


$119 
SAVE $10 


Compact digital 
sound level meter 
Great for car audio installers, 
clubs and PA. 

¢ Range: 30 - 130dB 

¢ A&C weighted 

* Data hold & min/max function, backlit 
OM1589 WAS $129 


NOW 


°349 
SAVE $30 


Pro sound level meter 
with calibrator 
Ideal for vehicle, traffic, aircraft 
noise, race or any evidence- 
based noise testing. Includes a 
calibrator to verify your results. 
* Dynamic range: 50dB 
* Accuracy: +1.4dB 
¢ Calibration: 94, 114dB 
©A&C weighted 
* Compliant with Type 2 

(Class 2) standards 
QM1592 WAS $379 
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Free delivery on online orders over $7O Conditions apply - see website for details. onsale 24.4.19-23.5.19 GQ) 
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ONLY 


$4 gs 


Single-channel 
Li-ion / Ni-MH 
battery charger 
Designed to charge 

a 3.7V rechargeable 
Li-ion battery or 1.2V 
AA, AAA Ni-MH/Ni-Cd 
battery. USB powered. 
MB3702 Due Early May 


ONLY 
$95 


12V 8W USB 

step-up power cable 

to cigarette socket 

Converts 5V from your USB powerbank to 
power 12V devices with a cigarette lighter 
plug fitted. 320mm long. PP1974 


€ 


JUST 


$2 495 


4-in-1 USB 


$9495 


3-Way lighter socket with 


$9995 


AC power meter with LCD 


type C connection lead 
Versatile 4-in-1 lead with multiple 
configurations for connecting. USB 
type C equipment. 1m length. 
WC7764 


battery clips & USB ports 
Connect directly to your battery and 
power up to 5 devices. Large battery 
clips. Dual USB ports. Suits 12/24V 
batteries. PS2039 


Simultaneously displays AC voltage, current, 
power, and energy. Measure between 80 

to 260VAC up to 20A, making it ideal for 
monitoring energy usage for large appliances. 
Back-lit LCD screen. QP2325. Due Early May 





DF cell technology 
produces high 
conversion efficiency 
up to 20% giving much 
more power for a 
smaller footprint. 


5A 24V-12V DC-DC 
converter with USB charge 
Convert 24VDC to 12VDC so you can 
use normal car accessories designed 
for 12V vehicles. Dual USB ports. Built- 
in noise filter. MP3356 
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SUPPORTS STEM 
LEARNING 
PAN) ot tal- 15) (=| 
Programmable Robotic Ball 
Perfect introduction to robotics 
and programming. Support 
STEM learning and can be used 
at home or school. Clear scratch 
resistant shell. Completely 
waterproof! d : 


* Gyroscope sgn @ AppStore 
¢ Accelerometer STE ee 
1Y, | oogle Play 


& 








KJ9200 


DOUBLE POINTS & MEMBERS OFFE! 


requires ACTIVE Jaycar Rewards / Nerd Perks membership at time of purchase. Refer 
LF PRICE applies to AS3 


replacement speakers, CW2190-CW2199 Response Woofers, CT1930, CT2007, 
n purchased as a bundle (1 x XC4414, 1 x XC4438, 4 x XC4380, 1 x PH9235, 1 x 
C5010 Switcher, AC5000-AC5002 Splitters & XC6010 Media Player. Nerd Perks FREE 
: Monitor & Camera kit for $249 when purchased as a bundle (1 x QM3874 & 1 x QC3536). 


PT3012, PP0426- PP0427 Banana plugs & PP1090-PP1091 
HB6082, 1 x STO335, 1 x XC4384 & 1 x WC6026) Page 6: Ni 






For your nearest store 
& opening hours: 


0 1800 022 888 
47 www.jaycar.com.au 


jaycar* 


think. possible. 


Head Office 

320 Victoria Road, 
Rydalmere NSW 2116 
Ph: (02) 8832 3100 
Fax: (02) 8832 3169 





100 stores & over 
130 resellers nationwide 


Online Orders 
www.jaycar.com.au 
techstore@jaycar.com.au 


Underwood 


3263 Logan Road 
Unto (-1a)\efele RO] EDR S mo) 
PH: 07 3841 4888 


Arrival dates of new products in this flyer were confirmed at the time of print but delays sometimes occur. Please 

ring your local store to check stock details. Occasionally there are discontinued items advertised on a special / lower 
price in this promotional flyer that has limited to nil stock in certain stores, including Jaycar Authorised Stockist. These 
stores may not have stock of these items and can not order or transfer stock. Savings off Original RRP. Prices and 
special offers are valid from catalogue sale 24.4.19 - 23.5.19. 
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Samsunk = or the dishwasher that wouldn’t 





Dave Thompson 


I’ve owned many Samsung products over the years and no wonder; this 
South Korean manufacturer has their fingers in many pies. They’ve been 
around for years but more recently have become known as innovators 
and leaders in the field of consumer electronics, especially phones, 


tablets and TVs. 


Like many other companies, they’ve 
had the odd swing-and-a-miss, but in 
general, they make quality products. 

I was mindful of this when we ren- 
ovated our house a few years ago and 
decided on some shiny new Samsung 
appliances for the kitchen. For the 
dishwasher, we chose a Samsung Wa- 
terwall over appliances made by more 
well-known brands that specialise in 
kitchen appliances. 

It certainly wasn’t the cheapest 
option, but it looks the part with its 
minimalist, brushed stainless-steel ex- 
terior and slick, futuristic blue multi- 
LED display buried behind the door 
panel and peeking through tiny, pat- 
terned holes laser-cut into the facia. 
Very cool and just the thing for the 
modern kitchen. 

However, it is not without its prob- 
lems. From day one, when the wash 
program was set and the door closed, 
the front display would often show 
all 8s instead of the time remaining. A 
light tap on the door beside 
the display usual- 





ly got it back to normal. I suspected a 
loose connection or dry joint perhaps. 

We'd spent a long four months re- 
building and renovating the kitchen 
while cooking on a gas range, having 
dinner on crates and washing our dish- 
es in a bucket. I wasn’t keen to tell the 
wife that mere weeks after installing 
the dishwasher, I’d have to pull it out 
again and either get it repaired under 
warranty or disassemble it and repair 
it myself. 

For the time being, we could live 
with such a minor fault; after all, its 
operation wasn’t adversely affected, 
and the display glitch only manifested 
itself roughly half the time anyway. 

I did log the fault with the relatively 
good online registration/warranty sys- 
tem and was advised by some virtual 
assistant to take the dishwasher to an 
accredited repair agent — advice that 
I ignored because, well, that’s what 
servicemen usually do when faults de- 

, velop in their own gear. Be- 
. sides, shoehorning a dish- 
°- washer into a 1997 MG to 





transport it to an appliance-repair guy 
across town just isn’t feasible! 


The dirty water thickens 


That was two-and-a-half years ago, 
and aside from that small fault, the 
dishwasher performed flawlessly. 
However (there’s always a however!), 
a few months ago, I started noticing 
that the bottom rack of dishes (usually 
the most soiled in any dishwasher lay- 
out) were not being cleaned properly. 

This would happen once every ten 
or so washes, but over time it started 
happening more often, until almost 
every wash cycle ended up with dirty 
dishes in the bottom tray. 

I was actually becoming a bit an- 
noyed. It’s a story all too familiar with 
modern appliances, conveniently fail- 
ing just outside of the two-year war- 
ranty period. I messaged the virtual 
assistant on Samsung’s website and 


THE SHEER COST OF THE CALLOUT (1 KNEW I SHOULD'VE GONE. TO APPLIANCE-REPAIR SCHOOL). 
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“Dave Thompson runs PC Anytime 
in Christchurch, NZ. 


Website: www.pcanytime.co.nz 
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received the same advice as before. I 
don’t know how they expect people to 
be dragging dishwashers all over town 
but we still don’t have the capacity to 
easily do that. 

The other option was to have a tech- 
nician come out and have a look at it. 
Two things deterred me: one, the sheer 
cost of the callout (I knew I should’ve 
gone to appliance-repair school) and 
two, the guys I rang up and talked to 
had no experience with a Samsung 
Waterwall dishwasher. Perhaps these 
appliances were still a bit too new. 


Desperately seeking solutions 


My next stop was the good old in- 
terweb; somebody must have come 
across this problem before! 

And it seems they had; forums were 
ablaze with the flaming posts of dis- 
gruntled Samsung Waterwall owners. 
In fact, some posters were trying to 
scrape up support for a class-action 
type product recall, while others just 
bemoaned Samsung and everything 
connected with the company. Most 
stated they’d never buy Samsung 
again. 

Crikey! Iwishwe’dseen 
this before we bought the 
thing, but then again, 
these posts weren’t there 
at the time (note to self: 
must mend the time 
machine, then go back 
in time and choose a 
different dishwash- 
er. Also maybe do 
something about that 
Hitler guy). 

It is worth noting that 
forums tend to dispro- 
portionately magnify any 
problems because they are 
being viewed through the lens 
of people whose first instinct 
is to get online and vent their 
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spleen. It’s as if they are on some kind 
of modern-day crusade, using their 
collective rage to try to take Samsung 
down and thus salve their consumer 
remorse for making a poor purchas- 
ing decision. 

To put this into perspective, Sam- 
sung has sold hundreds of thousands 
of our model of dishwasher alone, yet 
20 people grumbling about it in a fo- 
rum can make it look like this machine 
is the worst thing ever made. Like I’ve 
always said: the best thing about the 
internet is that it gives people a voice; 
the worst thing about the internet is 
that it gives people a voice. 

I did my usual research on the web, 
first looking for similar problems and 
solutions for my model of dishwasher. 
When I found nothing but other people 
griping without offering any clues to 
the cause (or better still a fix), Icast my 
net wider into other models, and used 
broader and broader search terms, in 
a quest for anything relevant. 

Frustratingly, I found nothing con- 
structive. I assumed at the time that 
this was because of the relatively new 
technology being used and the lack of 
repair reports filtering through to end- 
users via the internet. 

I couldn’t find any service manu- 
als online, either. While there were 
plenty of user manuals available for 
download, they offered nothing but 
the usual operating advice and a ba- 
sic (ie, useless) troubleshooting guide. 
What I needed was a full service man- 
ual. While I discovered a site advertis- 
ing one for sale, it was too expensive. 
Given time, free service manuals must 
eventually appear online. 

In the meantime, I played 
(/ around with the 


: dishwasher’s set- 
O tings and enabled 
™ some zone ‘tur- 


® 2. bo’ settings, 


WAS and this, 
(Sr DALE 


~ ALSO MAYBE DO SOMETHING 
ABOUT THAT HITLER GUY 
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in conjunction with pre-rinsing the 
dishes and trying different powders 
and pellets, helped clean the bottom 
rack a bit better. 

Still, itrankled that I had to wash the 
dishes before I put them in the dish- 
washer. After all, it was supposed to 
be washing dishes for me — not the 
other way around (you had one job, 
dishwasher)! An actual fix or expla- 
nation of the cause of this problem 
would be nice to have. 


Now the dishwasher is 
complaining too 

So, that was the situation until a 
new fault appeared just a few weeks 
ago. This manifested as a grumbling 
noise just after starting the wash cy- 
cle; usually. I noticed this immedi- 
ately since its operation is normally 
extremely quiet. 

My first thought was perhaps a 
pump bearing had failed, but I was 
just guessing; I’d need more informa- 
tion on how it worked to be even in 
the troubleshooting ballpark. But the 
faults were likely related. 

I went back to the web and once 
again waded through the familiar 
wasteland of the forums, though this 
time, I started seeing a link to a You- 
Tube video purporting to show a rela- 
tively simple fix for this very problem. 

There was also more incidental in- 
formation, so it appeared that between 
now and when I first started looking, 
a lot more people had experienced 
similar problems and some valid re- 
pair information was finally starting 
to appear. I also found a link to a free 
service manual, which I immediately 
downloaded. It was then off to You- 
Tube to check out this ‘fix’ video. 

The guy in the video, who appeared 
to be American, described the exact 
problem I was having and on a very 
similar model. 

This was fortuitous because there 
are dozens of different models in the 
Waterwall range (which is typical 
given the different regional markets) 
so it was a pleasant surprise that this 
repair video appeared to apply to my 
model as well. 


Reinventing the (water)wheel 
To explain the problem properly, I 
have to also explain how this new-fan- 
gled Waterwall system works. Ina typi- 
cal dishwasher, rotating, freewheeling 
booms with angled spray jets in the 
top side are driven by water pressure 
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and these spin beneath the dish racks 
and the blasting, hot and soapy water 
cleans then rinses the dishes. 

There are usually two of these rotat- 
ing arms, one for the bottom rack and 
one for the top. It is a simple system, 
and while there is obviously other 
stuff going on (water heating, pump- 
ing, soap tray opening and drying cy- 
cles), that isn’t relevant here. 

In the Waterwall system, there are 
two horizontally-mounted ‘vanes’ sit- 
ting at opposite ends and spanning the 
bottom of the washing chamber; one 
is fixed at the far end, while the front 
one is mobile and driven backwards 
and forwards by a stepper motor. 

The front vane is clipped to and 
travels along a polished metal beam 
running down the middle of the cham- 
ber floor, and has a sharp curve on the 
edge, facing the rear vane. The fixed 
back vane has a series of high-pressure 
water outlets equally-spaced along its 
length, pointing parallel to the floor 
and aiming at the front vane’s curved 
surface. 

The idea is that water is blasted 
from the rear vane into the front vane, 
which creates the titular “water wall” 
as that vane traverses the chamber and 
this is what mainly cleans the bottom 
rack of dishes. There is now a video 
on YouTube showing this operation 
using three different cameras mount- 
ed in the dishwasher, which explains 
the process better than I can. 

There are two other racks in the 
dishwasher; one middle rack for cups 
and glasses and a cutlery tray at the 
very top, each with their own standard 
rotating water jet 
just like you’d 
see on any other 
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dishwasher. These traditional jets in 
my dishwasher clean those upper trays 
just fine; it is just the Waterwall sys- 
tem that is failing to clean the bottom 
tray properly. 

From my research, I discovered that 
ifI’d gone down the more well-trodden 
route of having a technician come out, 
he would likely have gone through the 
Samsung-recommended protocols of 
swapping out a couple of pump mo- 
tors, a stepper motor and gearbox, a 
sensor array and finally the main PCB, 
all at our considerable cost. 

This unsuccessful repair scenario 
was a much-repeated story posted 
in the various forums, and I have no 
doubt this would have been the case 
with us too. None of these ‘fixes’ would 
have resolved our problem. 


Finally figuring it out 

From the video, I learned that the 
noises I heard on cycle start were the 
front vane moving along its usual trav- 
el path to check nothing was impeding 
it before the wash cycle started. 

Indeed, one of Samsung’s helpful 
suggestions in their troubleshoot- 
ing guide is to ensure that nothing is 
protruding through the bottom of the 
lower rack, as this can stop the vane 
moving and cause possible damage. 

The front vane on my dishwasher 
was moving OK; it just didn’t know 
when it hit the other end, so the poor 
old motor kept spinning and the gears 
kept slipping, causing the noise. The 
vane eventually gives up trying to move 
and just stops where it sits, explaining 
the noise and the lack of cleaning. 

So, what tells the vane to stop when 
it gets to the end of its travel? Simple: 
a magnet mounted on the vane hits a 
sensor mounted beneath the floor of 
the chamber, and this tells the motor 
to reverse and send the vane back to 
the start position. I proved this wasn’t 
happening by opening and closing 
the door just after and during the 
start cycle, to check on the progress 
of the vane. 

Sure enough, it hit the end and the 
motor kept on going if I shut the door 
again. Obviously, this wasn’t doing 
the motor or gearbox any good, so a 
fix had to be implemented before we 


there will have already deduced 
that there are two possible caus- 
es of this fault, the magnet and 
the sensor. 


could continue using the dishwasher. 
he All the sharp troubleshooters out 
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Fortunately, by this time I’d found 
the service manual and could test the 
sensor (and many other parts for the 
system) by using codes from the book 
to run the different components indi- 
vidually, without having to waste a lot 
of time waiting for a cycle to complete. 

Having this information was well 
worth the hassle of finding the ser- 
vice manual. 

By holding down certain buttons 
and pressing others, I could initiate 
the vane travel test, and by placing a 
magnet near where the vane’s magnet 
would sit, I could stop it from moving 
any further. This proved the sensor 
was working, and that the magnet is 
the problem; however, I already knew 
this because of the YouTube video. 

The guy in that video explained 
that the plastic-coated iron magnet at- 
tached to the vane gradually loses its 
strength due to the constant heating 
and cooling cycles. 

His fix was to replace the magnet 
with a much stronger rare-earth or 
neodymium type. He simply took out 
the old magnet, which is mounted ina 
removable plastic housing, and glued 
a whopping great rare earth one in its 
place. His dishwasher then cycled 
perfectly, and he sat back and basked 
in the adoration of a grateful public. 


In the end, a simple repair 

I didn’t have a rare-earth magnet of 
that size in stock, so I tried various so- 
lutions, such as removing some from an 
old hard drive and cutting them down 
to suit, but wasn’t overly successful. 

I discovered that cutting these mag- 
nets with anything severely diminish- 
es their strength. Putting two smaller 
neodymium magnets together side by 
side also didn’t work well, so I went 
looking for alternatives. 

Jaycar has some in various sizes, but 
those few with magnetic strength men- 
tioned were only rated at most N35, 
which is probably not strong enough. 
I hit my usual go-to hardware-stores’ 
websites and found that both places I 
frequent had various magnets listed at 
a reasonable cost. 

I ended up with a packaged pair of 
N42-rated ‘door’ magnets, just the right 
size at 25 x 7mm and for the princely 
sum of just $25. I figured I could use 
one and have a spare for when the 
problem inevitably returns. 

Unlike the guy in the video, I kept 
the original magnet holder and sim- 
ply shaped it a little to accommodate 
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RF INTERFERENCE AT THE END OF THE RAINBOW 


the bigger magnet. I firmly tacked it 
in place using some of the food-grade 
silicone sealant that I had left over 
from the kitchen reno and gave it a 
good 24 hours before re-assembling 
the holder to the vane and the vane 
to the dishwasher. 

After completely resetting the dish- 
washer by powering it off at the break- 
er and powering it up again, I ran a 
test cycle using the magic codes. It 
worked perfectly, without any nasty 
noises and the bottom rack of dishes 
are now cleaning correctly. The dis- 
play still glitches now and then, but 
$25 is an excellent repair bill, given it 
could have been much, much higher. 

Of course, the display is still a bit 
flakey as that is an unrelated prob- 
lem. But I’m so relieved to have clean 
dishes again that I’m leaving that fix 
for another time... 


RF interference at the end of the 
rainbow 

D. P., of Faulconbridge, NSW went 
on a bit of a wild goose chase to try to 
track down the source of some strong 
radio frequency interference. It took 
some time but not only did he figure 
out where it was coming from, he also 
managed to shut the source down. 
Here is how... 

The Amateur Radio fraternity 
maintains repeaters on various bands 
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(mainly VHF and UHF). These repeat- 
ers are usually set up and maintained 
by local amateur radio clubs and are for 
the use of all licensed amateurs. The 
idea is that one can get good commu- 
nications from low-lying or other dif- 
ficult locations by virtue of the prime 
(radio) location of the repeater. 

The repeaters have different input 
and output frequencies and are locat- 
ed on the best high point that the club 
can organise. For the higher bands, a 
single antenna usually serves for both 
the receive and transmit signals. 

You may wonder how that is pos- 
sible. The received signal is typically 
tenths of a microwatt, while the trans- 
mitter output is usually 50W or more, 
and the frequency separation between 
the receive and transmit frequencies is 
relatively small (600kHz, in the case 
of VHF repeaters). 

The secret is cavity resonators. They 
have a very narrow passband, with 
extremely high attenuation outside 
of it. They can be connected in series 
for even better filtering. Most VHF re- 
peaters have three or more cavities, 
providing a high degree of isolation 
between the transmitter and receiver. 
Other devices such as hybrid rings are 
sometimes also used to enhance the 
effect of the cavities. 

A few years ago, I joined the repeat- 
er committee of my local club in the 
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Blue Mountains, west of Sydney. For 
some time, the club’s VHF repeater had 
been plagued by interference. The ori- 
gin of the interference was unknown, 
although it had been positively estab- 
lished that it was coming in on the an- 
tenna, and that nothing in the building 
was causing it. 

This had been established partly by 
monitoring the repeater input frequen- 
cy with various receivers at different 
locations. The interference could be 
heard well away from the repeater. 

The interference consisted of bursts 
of a nasty rasping noise and made the 
repeater pretty much useless. The in- 
terfering signal was strong enough to 
open the receiver squelch at regular 
intervals, triggering the repeater, re- 
transmitting the horrible noise. The 
constant bursts of noise were so an- 
noying that few people monitored the 
repeater any more. 

One of our club members had a job 
as an engineer in one of the telecom- 
munication companies. He became 
interested in the interference prob- 
lem and connected a VHF antenna toa 
spectrum analyser at work. The inter- 
fering signal was plainly visible, and 
one of our member’s colleagues said 
he thought it was a pager signal, albeit 
grossly distorted and “chopped up”. 

Strangely, though, it was not on any 
established pager frequency; it was 
definitely in the VHF Amateur band. 
Actually, it was centred adjacent to 
our repeater input frequency with its 
sidebands regularly intruding into our 
repeater input passband. It was at these 
times that the interference occurred. 

Itried listening to the pager frequen- 
cies on a separate receiver while mon- 
itoring the repeater output but I was 
initially confused because sometimes 
the pager data seemed to be triggering 
the repeater, sometimes not. 

Telstra used three pager frequen- 
cies at the time. These same frequen- 
cies were transmitted simultaneously 
from stations dotted around the coun- 
try. Signals on one of these frequencies 
were definitely unrelated to the inter- 
ference, but the other two seemed to 
both be contributing to it. 

Eventually, by using two receivers, 
we discovered that it was when both of 
these frequencies were active simulta- 
neously that the interference occurred. 

So it seemed to be some kind of in- 
termodulation effect, but where was it 
occurring? It was not in our repeater, 
since we had established that the in- 
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terfering signal could be heard many 
kilometres from the repeater. 

I started monitoring the repeater 
input frequency in my car as I went 
about my normal activities, to try to 
get an idea of where the signal was 
strongest. The interference could be 
heard all over the place with varying 
strength with no discernible pattern, 
although I had the impression that el- 
evation could have been a factor. 

I obtained a list of pager station loca- 
tions and tried approaching several of 
these, however, the signal strength of 
the transmitters up close was so high 
that it swamped my receiver input and 
made it impossible to make any mean- 
ingful observations. 

I solved that problem by connect- 
ing several spare cavities between my 
antenna and the receiver input, care- 
fully tuned to the repeater frequency. 
I could now get right next to a pager 
station and maintain normal sensitiv- 
ity of my receiver. 

This approach eventually bore fruit 
as I was confident that I was hearing 
only the interfering signal, even when 
close to a pager station. One day, my 
travels took me further east than usual, 
and I began to receive much stronger 
signals than before as I moved towards 
the coast. Eventually, as I topped arise 
to Bilgola Plateau, a flat area right near 
the coast, the interference came roar- 
ing in at S9+. 

At first, I thought something had 
gone wrong with my gear, but it all 
checked out. Maybe I was seeing the 
actual interference! By inserting an 
attenuator into the receiver input and 
driving around a bit, I was able to es- 
tablish that the signal was coming from 
a tower on the edge of a public park 
on the Plateau. 

There was a hut next to the tower, 
and the door was open. People were 
working in there, so I approached 
them, introduced myself, explained 
what I was doing, and asked if they 
could tell me anything about the pag- 
ers. They said no, they did mobile 
phones, but they could give me anum- 
ber for “the pager blokes”. 

Iasked them ifI could have a look at 
the pager gear. They showed me some 
very impressive rack-mounted trans- 
mitters with large heatsinks. Appar- 
ently, they were quite high-powered 
units. Connected to the transmitter 
outputs were, guess what, cavity reso- 
nators! These were not the home-brew, 
copper-pipe devices I was used to see- 


66 SILICON CHIP 


ing, but were nicely finished commer- 
cial units. 

I called the number the mobile 
phone guys had given me and spoke 
to avery helpful technical officer who 
listened patiently to my tale of woe. He 
said he would send a technician out to 
investigate the problem. When I sug- 
gested that the technician visit the re- 
peater site to see the problem for him- 
self, he agreed, and we arranged a time. 

In due course, several members of 
the repeater committee met the Telstra 
technician, complete with his spec- 
trum analyser, on site. After a coffee 
break to help our new friend recover 
from his long drive, we connected his 
spectrum analyser in line with the re- 
peater and antenna via a T-piece, after 
assuring him that we had disabled the 
transmitter! 

Monitoring the repeater’s receiver 
audio while watching the spectrum 
analyser screen we could plainly see 
and hear the interference. Our new 
friend agreed that it was a pager signal, 
and that it probably was an intermod- 
ulation product of two networks. He 
said he would investigate the problem. 

By the next morning, we were de- 
lighted to find that the interference had 
gone; but it returned at a lower level 
that afternoon. 

Our friend phoned to explain what 
he had discovered. He had found a 
faulty cavity at the Bilgola site and 
having no spares at that time, had 
swapped it for a good one from the 
Parramatta site. 

His thinking was that Parramatta 
would cause us less interference since 
it was shadowed from our repeater by 
the mountains to some degree. He had 
ordered a new cavity. 

He was right, the interference level 
was lower, and by setting the repeater’s 
squelch level higher, we were able to 
stop it from triggering the repeater. This 
was not ideal because it effectively re- 
duced the sensitivity of the repeater, 
but at least we didn’t have to listen to 
the repeater triggering constantly. It 
would do until the new cavity arrived. 

I was curious as to why the pager 
units, which were transmit-only de- 
vices, should have cavities connect- 
ed to them. Our friend explained that 
when several transmitters on similar 
frequencies are feeding antennas near- 
by, the transmitted signals from each 
antenna are induced into the adjacent 
antennas. 

With no cavity resonators, there 
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would be nothing to stop these in- 
duced signals being fed back into the 
power amplification (PA) stages of the 
other transmitters. These PA stages are 
highly non-linear (Class C), and when 
the transmitter is triggered, a whole 
spectrum of frequencies would be pro- 
duced from the mixing of the transmit- 
ter output with the extra signals picked 
up by its antenna. 

This whole mess would then be 
amplified and anything that could get 
through the PA stage’s output circuit 
would be transmitted. These ‘dirty’ 
signals would be induced into the ad- 
jacent antennas as before, in turn gen- 
erating a mind-boggling array of new 
modulation products. 

The cavity on each transmitter pre- 
vents this by blocking the induced sig- 
nals from reaching its transmitter and 
rejecting any spurious outputs from 
its transmitter. 

A few weeks later, I received a call 
from our Telstra friend to say that he 
had installed the new cavity. I was able 
to report to him that there was now ab- 
solutely no interference, and to thank 
him profusely for his diligent attention 
to our problem. Full marks to Telstra 
and their staff! 

Since then, a tone squelch system 
has been installed in the repeater. A 
sub-audible tone imposed on the user’s 
audio is required to open the squelch, 
Preventing the repeater from being 
triggered by rogue signals. However, 
this does not prevent legitimate traf- 
fic from being subject to interference 
while the repeater is being used. 


1970s Marantz 1120 amp repair 


J. W., of Hillarys, WA did a mate 
a favour a few years ago and fixed a 
fault in his trusty Marantz amplifier. 
Now something else has gone wrong 
and so it’s back on the workbench for 
some more surgery... 

A few years ago, I repaired a friend’s 
Marantz 1120 stereo amplifier (circa 
1968). He rang last week to report an- 
other fault in the amplifier. I made a 
house call to check it out and found 
everything was working except for 
the phono input. There was no sound 
from the right channel. I disconnected 
the myriad cables from the unit and 
took the amp back to my workshop to 
check it out. 

I connected the phono input to an 
iPod and wired up some speakers in 
my workshop and found the fault was 
still present —no output from the right 
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channel speaker. I dug around in my 
filing system and found the circuit di- 
agram I used last time I fixed this am- 
plifier, about six years ago. 

The amplifier is built like a brick 
outhouse with 2mm steel plate used 
for the whole chassis and covers; not 
a bit of plastic in sight. I removed the 
nine screws holding the top cover in 
place and opened it up. I then identi- 
fied the phono/select board assembly 
which sits vertically and plugs into 
another PCB behind the front panel. 

I connected my CRO (cathode ray 
oscilloscope) to the two phono input 
channels and I could see both wave- 
forms from my iPod. This was diffi- 
cult as the vertical phono board has 
the input selector switch shaft run- 
ning along the whole length. I then 
identified the output terminals from 
the phono preamplifier and connect- 
ed up my CRO. The left channel was 
OK but nothing was coming out of the 
right section. 

The circuit showed 6.8pF coupling 
capacitors connecting the output 
transistors to the selector switch, so I 
hooked up scope up to the driven side 
ofthe capacitors and found a good sig- 
nal on both channels. 

I then had to try to get the board free 
enough to replace the faulty capacitor; 
I did not want to remove it completely 
as this involved desoldering about 10 
wires. After removing the aluminium 
front panel and another 10 screws, I 
was able to move the board enough to 
get to the capacitor. 

Replacing the right channel cou- 
pling cap resulted in audio from both 
speakers. I decided to replace the left 
channel’s coupling cap as well, to be 
on the safe side; after all, the amp is 50 
years old! I wonder if a new amplifier 
purchased today would last that long. 
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My friend had also told me that 
the power-on indicator lamp was not 
working, so I checked that and found 
the globe (28V 40mA) was blown. I 
searched in my container of small 
globes and found a 6V 40 mA bulb 
that looked like it came out of a tel- 
ecom switchboard or equipment rack. 

The amplifier circuit showed a 390Q 
2W resistor in series with the globe, so 
after doing a bit of maths, I determined 
that a 1kQ 1.6W resistor should allow 
me to use the 6V globe instead. I found 
a 1kQ 3W wirewound resistor about 
the same physical size as the original 
and mounted it on the opposite side of 
the power PCB, to allow more air flow. 

A bit of fiddling with the new globe 
had it mounted correctly and working. 
I left the amp running for a few hours 
and found no sign of the replacement 
resistor overheating. Since it was all 
working, I put it back together, took it 
to my friend’s house and connected 
everything back up. 

While I didn’t ask for any payment, I 
was promised a bottle of scotch for my 
efforts; that’s what you call a bonus! 


Ducted vacuum repair 


G. H., of Littlehampton, SA has had 
problems with two different vacuum 
systems and both of them involved 
Earth leakage faults. He managed to 
solve both... 

Our house is about 20 years old. 
It has a weatherproof double power 
point on the back wall of the garage for 
garden appliances. About a year ago, 
plugging in and switching on the gar- 
den vacuum via the right-hand socket 
caused it to trip the Earth leakage de- 
tector in our main circuit board. 

Oddly, after resetting the RCD, it 
worked fine. And I also found that us- 
ing the left-hand socket never caused 
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the RCD to trip. The fault ended up 
being a mass of spider webs embed- 
ded in the back of the power point. I 
cleaned it out thoroughly and sealed 
the gap in the wall around the power 
point, to keep spiders out. 

We also have a ducted vacuum 
cleaner inside our house which has 
worked well for many years. The main 
unit is in the garage, so it produces 
very little noise and no smell of musk. 

Then, a few months ago, as my wife 
pushed the cleaning hose into the wall 
socket, all the power to our house went 
off. The pipe has a metal ring which 
connects two terminals inside the wall 
socket, turning the unit on automati- 
cally. The switching is all done at low 
voltage for safety. 

I unplugged the motor unit in the 
garage and checked the fuse box. The 
RCD had tripped again, presumably 
due to excessive Earth leakage. Re- 
setting it restored power to the house. 

I plugged the motor unit in and care- 
fully switched on the power. The hose 
must have been left in the wall socket, 
so it sprang to life. We continued to use 
it without any problem until the other 
day, when the RCD tripped again. This 
time, I restored the power but left the 
motor unit unplugged. 

I first measured the resistance 
from the low-voltage switching wires 
to Earth, Neutral and Active. I was 
pleased to see that all readings were 
open-circuit, so that part was safe. The 
low-voltage supply comes from a 12V 
transformer, which powers a relay to 
switch the Active conductor. 

But the resistance between the Neu- 
tral and Earth pins of the vacuum mo- 
tor was less than I expected. I meas- 
ured the resistance between the Earth 
pin on the internal circuit board and 
both the Active and Neutral connec- 
tions again; it was too low. 

I disconnected the motor from the 
main board. Measuring the resistance 
from the motor power wires to the 
Earthed casing of the motor also gave 
low resistance readings. 

So I began dismantling the motor 
carefully and measured as I proceed- 
ed. Eventually, I concluded that this 
leakage was due to carbon deposits 
which had come from the brushes. I 
thoroughly cleaned the carbon brush 
holders, then dried them before reas- 
sembly. All of the resistance readings 
were open circuit, as they should be, 
and since re-assembly, the vacuum has 
not missed a beat. sc 
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So when you connect those outputs to two audio am- 
plifiers (possibly the two channels within a single stereo 
amplifier), the outputs swing in opposite directions. 

That means the voltage between the outputs is double 
that of a single output. This arrangement is shown in Fig.1. 

Since the power into a load can be calculated as V2=R, if 
you double the voltage but keep the impedance constant, 
you quadruple the power. 

Of course, this is assuming your amplifier is capable of 
delivering that much power. But if you use an 8Q speaker, 
since most amplifiers will happily drive a 4Q load, it should 
be capable of it. 

You do have to be careful if using a 6Q or 4Q speaker 
since many amplifiers will not be very happy with a 3Q or 
2Q effective load. 


Performance 


We ran our prototype through a number of tests using our 
Audio Precision System Two. We haven’t reproduced any 
of the resulting graphs here since the results can be sum- 
marised in just a couple of paragraphs. We used a 15V AC 
plugpack as the power source during these tests. 

The distortion and noise levels are very low. The signal- 
to-noise ratio is 114dB with respect to 2V RMS (a common 
signal level from a CD/DVD/Blu-ray player), with a measure- 
ment bandwidth of 20Hz-22kHz. The frequency response 
is ruler-flat, being only 0.2dB down at 20Hz and less than 
0.1dB down at 20kHz. 

THD+N is 0.0005% from the non-inverting output and 
0.0006% from the inverting output over the 20Hz-20kHz 
range with an 80kHz bandwidth. 

Measuring with a 20kHz bandwidth, these figures reduce 
to 0.0003 % and 0.0005% respectively. The distortion across 
the two outputs (ie, what you would actually hear) measures 
the same as the inverting output. 


Updated version 

We published a Bridge Adaptor in the July 2008 issue. This 
one is considerably smaller and will fit into a UBS Jiffy box 
for convenience. But you also have the option of building it 
into an amplifier chassis if that’s what you want. 

This design also has much more flexible power supply 
options. It will run off AC, DC or split rails. It also uses parts 
that are easier to get, and cheaper, than our last design. 

The circuit diagram is shown in Fig.2. The input audio sig- 
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(STANDARD RCARCA 
STEREO CABLES) 


Fig.1: the Bridge Adaptor is connected to two power amplifiers (separate mono amps, or two channels in a stereo or 
multi-channel amp) to drive a single loudspeaker. This doubles the maximum voltage across the speaker, and increases 
the output power to up to four times the original. Only the active terminals of the amplifiers are connected to the 
loudspeaker while the ground terminals are not connected. Note that this will not work with an amplifier that’s already 
internally bridged, ie, where both the positive and negative outputs are actively driven! 
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Features & specifications 


* Up to four times the power into a single speaker, using a 
stereo amplifier or two mono amplifiers 


Low noise and distortion 


Powered from 9-16V AC, 12-40V DC, 18-32V centre-tapped 
transformer or +6-20V DC (split rails) 


Low current draw — around 10mA 
Fits inside a compact, low-cost UB5 Jiffy box 
Can also be mounted inside an amplifier chassis 


A switch can be used to change amp mode between stereo 
and bridged mono 


Uses low-cost, commonly available parts 
Suitable project for beginners 


nal is fed in via RCA socket CON1, which has a 100kQ resistor 
to bias the input signal to OV (ifit’s floating). That signal then 
passes through two “back-to-back” electrolytic capacitors. 

We’ve used this arrangement, rather than a single non- 
polarised (NP) electrolytic capacitor because the size and 
cost of NP capacitors can vary dramatically. By using two 
small, low-cost regular electrolytics, we get the same effect 
with a low price and small footprint. 

The signal is DC-biased to signal ground (more on that 
later) with a 10kQ resistor, and RF signals are filtered out 
by a 100pF ceramic capacitor. The signal is then applied to 
the non-inverting input, pin 3, of low-noise op amp IC1a. 

IC1a acts as a buffer, feeding both non-inverted RCA output 
connector CON2, and the inverting stage, which is based 
around op amp IC1b. The signal to CON2 passes through 
another pair of 22uF DC-blocking capacitors and is re-biased 
to OV DC via a 100kQ resistor. 

The 100Q series resistor protects IC1a against an output 
short circuit and also isolates any cable capacitance to pre- 
vent oscillation. 

IC1b is configured as a classic inverter with a gain of -1, 
set by the ratio of the two 2kQ resistors. These values were 
chosen to keep noise to a minimum without unduly loading 
the output of IC1b. 

After all, it has to drive whatever is connected to inverting 
RCA output connector CON3 as well. The signal is coupled 
from IC1b to CON3 in the same manner as described for 
CON2 above. 


SPEAKER 
CONNECTED 
BETWEEN +VE 
L & R SPEAKER 
TERMINALS 


STEREO AMPLIFIER 





















MAY 2019 69 











INPUT 


CONT —-20uF Sov 22uF Sov 


22uF 50V  22uF 50V 


100pF NPO 
TO 
AMPLIFIER 
INPUTS 


OUT- 


CON3 


22uF 50V 22uF 50V 1002 


AMPLIFIER BRIDGE ADAPTOR 


GND 


Fig.2: the circuit of the Bridge Adaptor, (also known as a BTL, or bridge-tied load adaptor) without the power supply 
(shown in Figs.3&4) . The incoming audio signal is AC-coupled to non-inverting input pin 3 of IC1a, which acts as a 
buffer. The buffered signal is fed to CON2 and also ICib, which inverts the signal and then feeds this inverted version 
to CONS. By connecting CON2 and CON3 to two separate single-ended power amplifiers (or left and right channels in a 


stereo amplifier), you can almost quadruple the power delivered to a single speaker. 


IC1b’s non-inverting input, pin 5, is tied to signal ground 
via a 1kQ resistor. This means both of its inputs (pins 5 & 6) 
have the same source impedance, as the two 2kQ resistors 
are effectively in parallel, given that both are driven from 
op amp outputs, which have an effective impedance close 
to 0Q. 


Power supply options 

You can power the Bridge Adaptor from a 9-16V trans- 
former, standalone or plugpack, or you can use a 12-40V 
DC supply, a +6-20V DC split supply, or an 18-32V centre- 
tapped transformer. 

That last option is most useful if you’re building this 
project into an amplifier chassis. Later on, we’ll show you 
how to wire up a switch so that an amplifier can be easily 
configured as either stereo or bridged mono. 

When the unit is powered from AC or a split rail DC 
supply, signal ground is tied to power supply ground by a 
OWresistor (ie, wire link), as shown in Fig.3. 

But if the unit is powered from a single DC supply (eg, 
12V DC) then signal ground needs to be around 6V DC, so 
that the AC signals have a symmetrical swing. 


# CENTRE TAP (OR EQUIVALENT) 
CONNECTIONS FOR SPLIT DC SUPPLY 





* OMIT D3 & D4 FOR SINGLE SECONDARY WINDING/AC PLUGPACK 
(SINGLE SECONDARY WINDING/AC PLUGPACK TO CON4 OR CONS PINS 1&2) 
* OMIT D2 & D4 FOR SPLIT DC SUPPLY (+ TO CONS PIN 1, OV TO PIN 2, - TO PIN 3) 





The power supply section is therefore reconfigured, as 
shown in Fig.4, by omitting some components and replac- 
ing others with wire links. 

In this case, the 0Q resistor is instead 10kQ , and another 
10kQ resistor forms a voltage divider across the DC supply 
rail, to generate a half-supply rail for signal ground. A 220pF 
capacitor between signal ground and power supply ground 
prevents any ripple or noise on the supply rail from getting 
into the signal ground, and thus affecting the audio signal. 

It also presents a low AC impedance to the op amp 
feedback divider, so that the unit’s frequency response is 
not affected by the resistors used to generate the signal 
ground rail. 


Before construction 


Before you start assembling the board, if you’re going to 
be fitting it in a UB5 Jiffy box, place the board in the bottom 
of the box and use a marker to place dots in each location 
where a mounting hole is required. 

We’ve provided four different PCB overlay diagrams, 
to show what components you need for each supply con- 
figuration. 


+16V 


SIGNAL 
GND 
O2 (LINK) 










UNIVERSAL POWER SUPPLY (since ac, ct ac, on SPLIT Dc INPUT) 


Fig.3: this shows a “universal” power supply, suitable for a single ended DC input, a split DC input (ie, +V/0V/-V) or an 
AC transformer with or without a centre tap. CON4 is used for single-ended DC or AC since it only has two contacts. 
CONS is used for split DC or an AC transformer with centre tap. 


70 SILICON CHIP 


Australia’s electronics magazine 


siliconchip.com.au 











sip alae @ 


This photo of the PCB actually has ALL the power supply 
components shown in the four overlays. Some are obvi- 
ously not necessary, depending on the version you build. 
(Use the component overlay for your version). 


=) 
< O 
Zz 


Fig.5 shows the components required for a transformer 
with a single secondary (including most AC plugpacks) and 
Fig.6 for a transformer with two secondaries connected in 
series, or a single centre-tapped secondary. 

Fig.6 also applies if you have a transformer with individual 
secondaries (eg, two 9V or two 12V secondaries). In this case, 
the phases of the windings need to be correct: the end of one 
secondary is connected to the start of the other secondary 
to effectively form a centre-tapped winding. 

You need to be careful with this connection — measure 
across the two windings (ignoring the centre tap) to ensure 
you have twice the individual winding voltage. 

If you get OV (or close to it) you have connected the two 
windings incorrectly. 

Where a split DC supply is called for (eg, +15-0-15V) use 
the overlay shown in Fig.7, whereas a single DC supply uses 
the overlay shown in Fig.8 


So let’s get building! 

Start by fitting the smaller resistors. While these have 
colour-coded bands indicating their values (as shown in the 
parts list), because certain colours can look similar depend- 
ing on your lighting, it’s much safer to measure their values 
with a multimeter before installing them. Use the appropriate 
overlay diagram as a guide as to which resistors go where. 

Next, fit whichever of diodes D1-D4 are required for your 
particular configuration, followed by zener diodes ZD1 and 
(ifneeded) ZD2. In each case, ensure that the cathode stripe 






Fig.4: the power supply can be much simpler when the unit 
is only to be operated from a single-ended DC supply. Some 
components are omitted while others have their values 
changed. The negative supply rail for dual op amp IC1 is 
connected to OV via a wire link, while the signal ground is 
biased to half supply by a pair of resistors and a capacitor. 
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Fig.5: here’s the overlay for a single AC supply, from either 
a 9-16V transformer or plugpack, plugged in to CONS. 





Fig.6: if you have a transformer with a centre-tapped 
secondary, use this overlay. 





Fig.7 if you have a split DC supply (eg, +15V & OV) you will 
connect it to CON5 and omit some components. 


Fig.8: this overlay is for the single-ended DC supply, as 
shown in the circuit diagram at left. 
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ALL DIMENSIONS IN MILLIMETRES 


Fig.9: if you’re mounting it in a UB5 Jiffy box, here’s where 
to drill the holes required in the sides and base. The PCB is 
attached to the base using untapped spacers and machine 
screws (see parts list & text). 


faces in the direction shown on the overlay diagrams, ie, 
towards the top or left edge of the board. 

Now install the 1W resistor(s) and a socket for IC1, assum- 
ing you’re using one. You can then mount the two 100pF 
capacitors and single 100nF capacitor. None of these are 
polarised. 

Follow with the terminal block, if you’re going to be using 
it, ensuring that it is pushed down flat onto the board and 
that its wire entry holes face the nearest edge. 

You can use a 3-way terminal block for all four configura- 
tions, however, with two of the configurations, only a 2-way 
block is required as shown in Figs.5 & 8. 

If using a two-way block, make sure to solder it to the 
right pair of pads. 

Now fit the electrolytic capacitors. These are polarised 
and must be orientated correctly. The longer (+) wires go 
into the pads marked with a “+” on the PCB, towards the 
top edge of the board. The striped side of the can shows 
the negative terminal, so the stripes should all face towards 
the bottom edge. 

There are three different types of electrolytic capacitors 
used, so don’t get them mixed up. 

Finally, fit the RCA terminals and DC socket (if required). 
In each case, make sure the connector is pushed down fully 
onto the PCB and lined up nicely with the PCB edge before 
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soldering its pins. Be generous with the solder as these pins 
are quite large. 


Testing 

Before mounting it, it’s a good idea to test the unit. If you’ve 
fitted a socket for IC1, you can leave IC1 out until you have 
verified that the power supply is working OK. 

It’s best to test the unit with the same type of supply that 
you will eventually be using, however, if you intend to use 
a centre-tapped transformer or split supply, you could use 
a 9-16V AC plugpack for initial testing. 

Apply power and measure the voltage between GND (eg, 
the RCA connector shells) and pin 8 of IC1 (or its socket). 
If using an AC supply, you should get a reading of around 
+16V DG, or perhaps slightly lower if your AC supply is 
below 12V. Similarly, pin 4 of IC1 should be at around -16V 
DC. Pin 5 should be close to OV. 

If you’re using a DC split supply, you should measure 
voltages at pins 8 & 4 of IC1 that are around 0.7V less than 
the applied voltages, while pin 5 should be close to OV. 
And if using a single-ended DC supply, pin 8 should be 
around 0.7V less than your applied DC voltage, while pin 
4 should read OV and pin 5 should be almost exactly half 
the reading at pin 8. 

If you get readings that are significantly different from 
those described above, switch off power and check your 
board carefully. Things to look out for are bad solder joints, 
incorrectly orientated components or components that are 
in the wrong location. 

If the power supply checks out, switch off power, short 
out pins 4 & 8 of IC1’s socket briefly (to discharge the capaci- 
tors) and then insert IC1 in its socket. Re-apply power and 
apply a signal to CON1, from a Blu-ray player, iPod, mobile 
phone, PC or whatever’s convenient. Connect CON2 to the 
input of an amplifier with its volume set to minimum, then 
slowly ramp its volume up. 

You should hear the input signal being reproduced 
cleanly. Disconnect CON2 from the amplifier and connect 
CONS instead. You should again hear the input signal being 
reproduced cleanly (the fact that its phase is inverted will 
not be audible). 

You can now do a final test, with CON2 hooked up to 
one amplifier input and CON3 to another, and the speakers 
connected across the amplifier outputs, as shown in Fig.1. 
Again, you should hear the signal loud and clear. Only this 
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Fig.10: same-size label which fits the UB5 Jiffy box. You 
can photocopy this or download it from siliconchip.com. 
au/shop/11/4972 
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time, the maximum output power of 
the combined amplifiers will be much 


cre Parts list - Bridge-mode Adaptor for Amplifiers 


1 double-sided PCB, code 01105191, 79 x 44.5mm 

1 UBS Jiffy box (optional) 

3 PCB-mount right-angle switched RCA sockets (CON1-CON3) 
1 PCB-mount right-angle barrel power socket (CON4) AND/OR 





Mounting it in a box 


As mentioned above, you will need 
to drill four 3mm holes in the base of 
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copy this diagram, cut out and stick the 2 470uF 25V electrolytic” * only one required for single-ended 
copy onto the box and then mark and 1 220uF 10V electrolytic’ DC supply 
drill the holes. 2) 100yF 25V electrolytic* D only required for single-ended 
Ensure the template is aligned ac- 6 22uF 50V electrolytic DC supply 
ee eee te 1 100nF 50V multi-layer ceramic or MKT — (code 100n, 104 or 0.1) 
witha sndedle pitotduill amd then en: 2 100pF SOV NPO ceramic (code 100p or 100) 
larging to side with larger drill bits, a Resistors (all 0.25W, 1% metal film unless otherwise stated) 
stepped drill or a tapered reamer. 3 100kQ (brown black yellow brown or brown black black orange brown) 
This ensures that the unit will fit 3 10kQ (brown black orange brown or brown black black red brown) 
nicely in the box and look neat. 2 2kQ. (red black red brown or red black black brown brown) 
Once you’ve made the holes, de- 1 1kQ (brown black red brown or brown black black brown brown) 
burred them and removed any debris 2 1000 (brown black brown brown or brown black black black brown) 






2 1000 1W 5%* (brown black brown brown or brown black black black brown) 


from the box, feed the four 16mm 


In one word... 
hiestic! 


You will go a long, long way to find speakers with anywhere near 
the performance of the SILICON CHIP ///ajestics — certainly in the do- 
it-yourself world, and even compared to ready-built models. 

Detailed, blind listening tests confirm they are.at least as good as 
— and some say better than — speakers costing ten times as much! 

At 486(w) x 864(h) x 580(d)mm each, you will certainly reuire plenty 
of room for the ///ajestics. They are most suitable for large listening 
areas, especially where you want high levels of crystal-clear sound. 
How high? Spectacularly high! 

They feature an etone or Celestion 15-inch woofer, teamed perfectly 
with a Celestion T5134 diecast horn tweeter and matching compres- 
sion driver, plus a two-way first order crossover. 

Building the ///ajestics is well within the capabilities of the average 
constructor. They’re not cheap — they certainly won’t leave any change 
out of $1000 per pair (and probably a bit more!). But if you want 
exceptional power and performance, you can’t go past the Majestics. 
For more information, see a preview of the /7/agestics articles at siliconchip.com.au/Article/7897 & 7997 
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Here’s 
what it looks << 
like mounted in |... 
the UB5 Jiffy box (sans — 
lid!), drilled as shown in Fig.9. ~ 
If CONS is used, access holes would 
also be needed on that side. 


machine screws up through the bottom 
of the box and set it on a flat surface 
so they won’t fall out. Next, drop the 
6-7mm untapped spacers over the screw 
shafts and lower the board into the case. 

To do this, first insert the RCA socket 
barrels through the holes in the case, 
then drop the opposite edge down 
into the box. You may have to push a 
little, getting the box to flex, to get it 
into place. Once all four screw shafts 
are through the holes on the board, use 
thin-nosed pliers to hold a nut on top 
and do up each screw one at a time. 

This is a bit tricky since initially, 
the other three screws will be loose, so 
you can’t just lift up the box, or they 
will fall out. 

We did it by sliding one corner of 
the box over the edge of the desk while 
holding that screw so it couldn’t fall out, 
then carefully rotating it so it threaded 
onto the nut, then moving on to another 
corner. Each nut you thread will make 
it easier to do the next one. 

Alternatively, you could use Blu- 
tack, silicone sealant or some other 





And here 
is the finished 
device, complete with 


type of glue to temporarily hold the un- 
tapped spacers over the holes in the box 
while you insert and do up the screws. 

Do them all up tight, then put the 
lid on the box and affix the label. The 
artwork for the label can be downloaded 
from the SILICON CHIP website in PDF 
format and then printed out. 

For information on how to make a 


label, see: www.siliconchip.com.au/ 
Help/FrontPanels 


Mounting it in an amplifier 


If you want to integrate it into an 
amplifier, this is quite easy. You can 
use longer tapped Nylon spacers and 
mount it to the bottom of the chassis 
using eight short M3 machine screws. 

It’s then just a matter of wiring up the 
AC or DC power supply connections 
to CON5 and connecting the audio 
signals using cables terminated with 
RCA plugs. 

You could make these by simply buy- 
ing two RCA-to-RCA plug cables and 
then cutting them in half and stripping 
off the insulation. 


(STANDARD RCA-RCA 
STEREO CABLES) 





a panel (see text). The beau 
of this design is that no extra hole: 
are required in the panel itself — 
they’re all in the box sides. 






S 






Fig.11 shows how you can use a 
standard SPDT switch (toggle, latching 
pushbutton, rotary or slide) to allow the 
amplifier to be reconfigured as either 
stereo or bridged mono at any time. 


Using it 

If you’ve built the unit into an ampli- 
fier with the switch as described above, 
you can apply a stereo signal to the 
amplifier’s left and right input chan- 
nels, with the switch in the STEREO 
position, and it will operate normally 
as a stereo amplifier. 

Or apply a single signal to the left 
input channel and put the switch in 
the MONO position, then connect a 
speaker wired as in Fig.7 for the bridged 
mono mode. 

Or if you’ve built the unit into a Jiffy 
box, connect it to a stereo amplifier or 
pair of mono amplifiers as shown in 
Fig.1, for mono mode. 

If you want to use the stereo amplifier 
in stereo mode, merely disconnect the 
unit and wire up the inputs and speak- 
ers as you usually would. 5 















ap 


BRIDGED 
MONO 


Fig.11: this is how you can use an SPDT switch to allow an amplifier to be easily reconfigured as either stereo or bridged 
mono. This makes a lot of sense when building the unit into an amplifier; when building it separately into a box, you can 
easily achieve the same result by re-plugging cables. The switch is shown here as a toggle type, but it could be a push-on/ 
push-off, slide or even rotary switched. 
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; ; —— Control 
f more with 
2 shields! 


Mains 
power from 
a lithium ae = © pase 
battery! K 9670A 


MK2 Arduino MegaBox Kit by Altronics. 


Upgraded for 2019! Developed in house by Altronics, this new revised 
MegaBox is an upgrade of our original K 9670 - adding space for two 

shields, plus FIVE 2A 5V relay outputs and eight opto isolated outputs. All 
UNO/Mega pins are broken out to header sockets for easy connection to | 
other breakouts. A small 160 hole prototyping area is included for con- 

necting to other sensors. *Arduino board & shields not included. | 





= NEW 
, MODEL! 






SAVE $50 






Make 
your own 
full colour 

M8199 signs 


2.6453 Compact go anywhere 
power station 


This multi-function portable solar generator / 
42,000mAh battery bank is ideal for outdoor activities. 
Power 240V AC appliances while you’re out in the 
sticks! Plus 2.1mm DC power & USB charging. 


Arduino based. 
Fully customisable. 


Educational Smart Turtle Robot 

Easy to program 2 wheel, Arduino based, obstacle avoidance and 

line tracking robot. The front of the robot features a 5x5 LED panel 
which can display icons, text and symbols (or display the direction 
of travel). It is controlled via Bluetooth on your tablet + IR remote. 

Requires 2x18650 lithium cells. 





Z 6517 32x32 Z 6518 64x32 


Addressable RGB LED Matrix Panels 

These linkable panels are ideal for making highly visible scrolling signs, 
information readouts, clocks and timers. Readable up to 52m away! 
5mm pitch LEDs. Z 6518: 384x192mm. Z6517: 192x192mm. 














JUST 


LANDED! 
e e 





al 
PY )))i)) 


SWERTRAN poten cxwn vous 







N0706A 15W NO0704A 10W 


SAVE $39 


Neon Sign Lookalike 
LED Strip Lighting 


Use it in long lengths for stunning coloured RCD Mains GPO Tester 
lighting effects or cut and shape into Tests mains power points for correct 


your own custom “neon” signs. Ultra operation with simulation of an earth §yace Saver Multimeter Efficient Solar Battery Chargers 
flexible outer sheath. Cuts every. 50mm. leakage to test your household RCD. Not much bigger than your average mobile § These compact monocrystalline solar panels are designed for keeping 
12v input, bare end connection - works Indicates potentially dangerous: phone, this auto ranging meter saves space _your car, caravan or 4WD batteries topped up when parked. 

great with P 0610A 2.1mm DC jack. IP65 wiring. A must have for electricians. voyr tool box. Easy to use with volts, Croc clip or car accessory plug connection. 10W: 
weatherproof. 5m reels. current, amps and resistance. Q 1064 377L x 212W x 17D mm, 15W: 40L x 343W x 17Dmm. 
















Part : _ 
X 3300 . <= Hall Way/Kids 
Room Night Lights 


Plugs into any mains 


Colour 
@ uv 
Warm White 












Glove Box 
LED Pen Torch 


| <aue 24% = : Magnetic clip. 











X 3301 





% 








Natural White X 3302 SAVE outlet & lights up when Flood & spot 
ik past! Can i aes : 
BG X 3303 YOUWa . : beam. Requires 
$10 Dee also be switched to 3xAAA batteries. 
Red X 3304 Travel Adapto HALF 












oo ermanent ‘on’. _ 
Mini Car Phone Holder : a A0305A AU to US PRICE! 


@ Blue X 3305 * Suits phones up to 85mm wide 2 for 4 | 5 Gos A0306A AU to EU/Bali $5 yooo0 | : 





Pink X 3306 ¢ Grips securely to your air vent A0307A AU to UK 





See last page for store locations or visit altronics.com.au Sale pricing ends May 3ist 2019. 


LX 
Ke 


SAVE $20 © 


Wireless Shop 
Door Alert 


A handy motion activated 
chime unit for shops 

to notify staff when 
customers arrive. 120m 
range. Requires 3xAAA 
batteries (S 4949B 4pk 
$3.95) & 3xC batteries 
(S 4960B 4pk $7.90). 
$5322 





X 2381 20 LED X 2380 8 LED 
Weatherproof Motion 
Solar Lights 


Instant installation - no wiring or 
electrician required! These stylish 
motion activated LED lights are fantastic 
for lighting up outdoor areas, paths, etc. 
Three modes - dusk ON, dusk ON+motion # 
activated or OFF+motion activated. 


_. anywhere in 








X 2382 54 LED 





Mounts anywhere = 
outdoors! 












Answer the 
door from 


the world 


Affordable 4 Megapixel 
CCTV Surveillance System. 


Simple to install with instructions supplied. Cameras can be remote viewed on iOS/Android. Each pack includes: * HD digital 
video recorder * Pro grade 4MP resolution weatherproof cameras * 20m connection leads * Power supply 


¢ HARD DRIVES TO SUIT: 1TB $110 (D 5514), 2TB $159 (D 5516). 


lta fam 


© @ | 


Nothing else to buy! 
Pre-installed with 1TB 
hard drive. 


4 Channel Wireless CCTV System 

Add security to your home or business with our high resolution 4 
megapixel (1080p) CCTV pack. Wireless cameras cut down installation time 
and effort! Pack includes power supplies for each camera, a network video 


sae recorder (expands to 9 channels) and four compact bullet cameras. 


© NESS® Navigator D8x 
8 Zone Alarm System 


Offers a plain english touchscreen 
interface with no LEDs or 
LCD icons to interpret. You may 
not even need the manual! Eight 
oN alarm zones are provided, plus 

vs four auxiliary outputs to control 
ighting, door strikes or CCTV 


activation. Dialler can call up to 
— = | SAVES46 | 2 numbers (personal or alarm 


~ company) when alarm is tripped. 
ncludes control box, keypad, 

backup battery, mains plugpack, 
‘amper switch & telephone lead. 








eee * $ 5280A 





7 


Ss acy oa 


Bargain Movement Detectors Pre-Assembled Siren & Strobe Unit 
Affordable, reliable detection for your Hooks up to any alarm system. Includes 
home or business! ¥ tamper switch. 200Wx155Lx108Hmm. 
$5308 110dB siren. DC6-12V. 











Beef Up Your Home Security 









































$ 9901G 4 Bullets 


Why settle for 
just HD? This 

system features 

2K detail and 


darity. 


Covert CCTV 
Camera DVR chaiels 
Great for monitoring in remote locations, 
trail scouting etc. Weatherproof unit 
contains camera, movement detector, DVR, 
LCD screen, SD card slot & battery pack 


(requires 8xAA). 
SAVE 35% 
$ 5320 





Motion Door Alarm 
A nifty motion detect doorbell/minder and 
alarm all in one! 9V battery operated. 


A 0326 


Battery Free Kinetic Door Bell 
Never change batteries again! Kinetic action of the 
button press powers the signal to a wireless chime 
unit inside your home. 25 ring tones. 100m range. 


Elsema® Penta A1017A 
Remote 

Replace a missing or 
damaged 433MHz remote. 
Compatible with 
many brands of gates, 
garage doors etc. 
Includes battery. 


SAVE 12% 





Z 6302C 


Raspberry Pi® 3 Model B+Board 











Want the latest and greatest in single board computers? The B+ 
version of the Pi 3 is now available with upgraded CPU, dual-band 
Wi-Fi, Bluetooth 4.2/BLE, gigabit wired ethernet and PoE support 
(with PoE HAT, Z 6425 $44.95). 






R-Pi Cameras 
1080p HD video & 8 megapixel still 
shot. Z 6306A IR filter removed for 
low light/night time use. 


Z6305A 8MP 
Z6306A 8MP NOIR 





Pi Camera Cables 
Extends your camera up to 2m 
from your Raspberry Pi. 


High Power 


IR Camera LEDs 
Adds powerful 3W IR LEDs 



















to any Raspberry Pi ey Model | ONLY | 
camera. 
20cm 26474 | $1.95 | 
e on 50cm 26475 | $2.50 | 
ee) me : lm 26476 | $5.50 | +H5039 3RU- 
wees om 26477 ETEEY 19” Rack Cases With Sub Chassis [ehseed) Heatshrink Mega Pack 
Allows vertical or horizontal sub chassis mounting for PCBs along | $80 | 171pcs of 75mm & 45mm lengths in a range 
Pi Mounting Pack the full height and length of the case. Aluminium front & rear of colours & sizes (3.2 to 12.7mm). 2:1 shrink 
With M2.5 standoffs, nuts panels. 430W x 330Dmm H 5038 2RU ratio. 
and screws. 
D 0010 H0701 $2695 
. 94x64mm 
PC Hardware Kit 


A handy 228pc set of 
common computer for 
hard drives, mother- 
board standoffs and 
cooling fans. 












H 0703 164x64mm 
Breadboard PCB Blanks 


Allows you to keep the same PCB layout as 
your breadboard design. Solder masked & 
screened. 


165pc Sensor 
Parts Pack 


Includes a huge array 
of sensors, parts, LEDs, 
jumper wires, 

even an 
LCD screen! 


Waterproof Battery Holders 
Protects your batteries & terminals from the 
elements. Screw together. 140mm fly lead. 


Size Model | ONLY | 
2xAA IP65 W/Switch SW5042 | $4.95 | 
4xAA IP65 W/Switch SW5043 | $6.95 | 
4xAA IP68 SW5046 | $9.95 | 


USB PoE Splitter 

¢ Power a micro USB 
device over 802.3af PoE. 
* Eliminates the need for 
a power supply at the end 
of the cable run. 

° 5V 2.4A max. 


See last page for store locations or visit altronics.com.au 









P 1018A 350pce 


he, “Blectric Paint 





: T3133 
P 1014 140pc NEW! | Bare Conductive® 
Prototyping Wire Packs Paint Jar 


Handy packs of pre cut and trimmed solid 
core wire for breadboarding your next design! 


Paint real circuits on almost any 
surface! Great for repairs 
or experimenting. 50m! jar. 





Solder Splice Joiners 

By popular demand! Heat up and join cables 
together without the need for manual soldering. 
Melts at 450°C. Packs of 6. 


Model | ONLY | 
wocoo [Teo 
W 0804 | $4.50 | 
W 0808 | $4.75 | 
woz IR EM 





T 2969 20mm _=T 2967 10mm 


Size 

White 26-24AWG Pk6 
Thermal Transfer Tape 
Protects your batteries & termin- 


als from the elements. Screw 
together. 140mm fly lead. 


Red 22-18AWG Pk6 
Blue 16-14AWG Pk6 
Yellow 12-10AWG Pk6 


Sale pricing ends May 31st 2019. 








AUTO POWER CEE SHECTR 7 
on. 
A 
= 
BA 


OFF 


All-Rounder 
Student DMM 


The perfect beginner, 
student or enthusiast 
multimeter. 12 auto ranging 
test modes with good 
accuracy and an easy to 
read jumbo digit 4000 count 
screen. Includes test leads. 
Q1129 


Handheld Oscilloscope 


LATEST 
MODEL! 





STANDARD 


19 Range Pocket 


Sw 


iy SAVES26 





2 Do-It-All Multimeter 
Multimeter 20 Range Autoranging True wish in-built AC mains 
True RMS Meter RMS Multimeter detection. This is one of the best 


A mini 3.5 digit digital 
multimeter with 19 
ranges. Small enough to 
literally fit in a pocket, 

this multimeter Includes 
K-Type temperature probe, 
data hold function and 
switchable backlit display. 


An affordable true RMS digital 
multimeter for the technician. 
True RMS offers increased 
accuracy when measuring AC 
voltages. Also includes a fre- 
quency counter, capacitance 
range, data hold and an easy 
read backlit LCD. Q 1070 


A high accuracy model for 
those requiring true RMS ac 
waveform measurement. 
Huge feature list - check 
online for more info. Relative 
function, backlit LCD, USB 


datalogging. Cat Ill 600V. 
Q1074A 


DMMs we have evaluated when it 
comes to build quality and feature 
set. Its perfect for the serious 
enthusiast or tradesperson « 

3.75 digit display * LCD bargraph 
* Mode assistance indicators. * 
Includes carry case, temp probe & 


COM W/Q/C/+- 





Q1126 


Menu 


Enter 


Q 2022 


‘Roadies’ 
Cable Tester 

Tests 13 types of leads for 
continuity. A real time saver! 
Tests: 6.35mm, DIN (3/5/7/8 
pin), RCA, XLR (3/5 pin), 
Speakon (4P/8P), RJ45, USB 
& banana. Requires 9V battery 
(S 4970B $3.95). 







Simple PoE Port 
Tester 

Checks status 

of data and power over 
ethernet connection 
Includes lead for test- 
ing socket points. 





Handy Probe Thermometer 
os Stainless steel easy clean probe. Great for use in th 
lab/kitchen. -50°C to +330°C. Includes battery. 


insulated test leads. Q 1068 





Detectlethalac Network & : 
voltages instantly. Coaxial Cable Verifier 


This non-contact probe 
detects cabling and power 
outlets with live AC power. 
An essential safety tool for 
trades people. Waterproof 
case with in-built torch. 






SAVE 35% » 








a) 


Tests both cable length and integrity in 
both RJ45 UTP data and BNC coaxial 
cabling. It's wiremap system detects 
short circuits, split pairs and cable 
lengths up to 350m. Powered by USB 
rechargeable internal battery. 


Tough Aluminium LED Torch 
With adjustable 
3 Watt beam! 
=120mm 
long. Requires 
3xAAA batteries. 


X0209A Includes pouch. 





ere SAVE 36% 


Test Leads 
Packs of 10. 
Red, biack, 
green, white, 
yellow (2 of 
each). 275mm 
length. 


a 


LZ 


2 For 


$14 


TOP 
TRADE 
CHOICE! 


STANDARD 







Super-Tough DMM. 
Built like a tank! 


This new multimeter is built tough 
with water and dust resistance, plus 
a impact resistant case for the rough 
and tumble of every day use in the 
field. Auto ranging design offers a 
feature list as long as your arm with 
a clear large digit backlit display. 
Includes carry case & test leads. See 
web for full spec list. Q 1069 





M 8303 3A 


M 8305 5A 


Compact 30V Lab 


Power Supplies 

Great for servicing, repair and 
design of electronics. Low noise 
switchmode design. Fine & coarse 
voltage and current controls. 

Size: 85Wx160Hx205Dmm. 






Temperature Q1i27 
Probe for DMM |u\/024 
-20 to 1320°C. 

Banana plug 


Mini Pocket 
Scales 

Weigh anything 4 
up to 600gm with _ i 
0.01g precision. ( 
Includes case. 


$35 T2261 


SAVE 30% 












M 8627B 





Price Breakthrough! 20A Solar Charger 
High current solar chargers were once sold for over $200 - 
these new quality units are less than $100 and feature USB 
charging and a full LCD readout with essential battery informa- 









as : a tion. Suits 12/24V systems. 

120W Folding Solar Panel With Regulator 
Laptop & USB Car Charger 
* Includes 120W panel, solar regulator, battery connection cables and canvas carry Simply plugs into a car accessory socket. Up to 
case. * 3 stage solar charger ensures your batteries are performing at their peak! 90W power output. Includes 9 laptop adaptors - 
* Adjustable stand for easy orientation. ¢ 720x520x70mm (folded). see web for compatibility list. : 
Stay Powered Up Anywhere. iecvrsaes 
With ANBI® Switch 


ANBI is an isolator which pre- 
vents your battery from draining 
when not in use by isolating the 
negative terminal. Also a great 
anti-theft device! Ideal for cars, It's like an “OFF” switch 
boats, caravans, even mowers! for your car battery! 
Installs in a few minutes. 





Easy Read Volt sisi 
: & Ammeter 
a 
M8868 q . Simultaneous display of a 5 Le} 
Need an extra D 2207 i .s voltage & current. Plus fait 
A M 8990A Hl j: 
laptop charger for work? Phone Holder with power, charging capacity Oy —_— 
; Wireless Chargin & time measurements. . 
This powerful 45W USB-C power delivery aes . sg Replacement Laptop Supply ideal for battery monitoring. 
(PD) charger offers fast recharging for Imply place your phone in Lost your laptop power supply? Or need an extra one 79x43x25mm. 20A max. Q.0590 
the latest MacBooks, Nintendo Switch, the holder to keep it topped up for the office? This unit includes mains lead and 10 
notebooks and other type “C” equipped whilst you're driving! Convenient tips to suit popular models of laptop. Voltage output 
devices. Also provides two standard type Windscreen or air vent mounting, is set automatically. 5-24V @ 90W max. 
“A” USB outputs. Great for Uber drivers or road reps. Throw 


away your 
old jumper 
Ultra fast eal 
Qc3.0 


charging! 









USB C Type QC3.0 SAVE 19%  -f EQ 
In-Car Charger a Volt/ M 8880A SAVE $40 ’ 
Need to keep your laptop mmeter : : 
charged up in the car? No Reads 6-30V DC voltages up to 4 Way Quick Charge 3.0 USB Charger 

problem! This powerful C 10A current. Internal shunt. ‘Charge 1Q’ feature charges a connected device at the fastest 2V t 

type charger provides QC3.0 Suits P 0679/80/81 facia plates. speed. 4A max current. 110-240V - great for travel. Includes 0 100 

charging capability up to 18W 28mm mounting hole. mains lead. 62W x 97D x 31Hmm. fc 

output. 





Includes € Ye \ 
jump starter 
& air com- 


$ 2682 pressor 









Mains Power 
Anywhere, Anytime! 
Great for camping, farmers, mobile trades, 


service vans. * Host of protection features 
+ * Soft start * High/low voltage shutdown 






A0290 


USB NiMH/NiCad Rating Model Normally 
= i 

Charger Dual 12V Battery Isolator Kit 

Charges 4 x AAA/AA cells Provides everything you need to wire up a sec- 12V150W =—M8072 $59.95 

via USB. Great for use at ondary battery in your vehicle - vital for powering 12V300W M8076A $79.95 
inth ‘ : cele ; 

home or in the car. Use appliances at campsites, inverters etc, and iso- 12V600W Ms0s4 $129 

rechargeables & save lating the primary battery so you have enough 

batteries from landfill! juice to start your car! Instructions included. 12V1000W M8090 $235 





See last page for store locations or visit altronics.com.au Sale pricing ends May 3ist 2019. 


Top buy for 
the beginner 
orstudent. ~~. 


on 


Features 3 


preset channels 
for quick temp 
selection. 





/ Cut, Polish, 
Great for \ (477 4 . 

deaning \ eee a Grind, Sand 

Mum's : 2 & Carve! 

jewellery! Ei 2 ieee os This workbench essential 
ae is just the shot for 
electronics projects, 
crafts, hobbies and odd 
jobs around the house! 
Powerful 130W motor with 
variable speed between 
8000 and 33000 RPM. 
Included is a 172pc 
accessory kit of grinding 





Swing Arm Benchtop 
Fume Extractor 


Whisk away irritating solder 
fumes instantly as you work. The 
replaceable active carbon filter 
absorbs fumes for a cleaner 








Clean & Revive Small Parts Witeals ‘delle cutters: work environment. Includes 
This 80W ultrasonic cleaner uses water and household sanding discs, polishing ceisn 100mm ducting ir al Easily 
detergent, coupled with ultrasonic waves to clean jewel- pads and more! Stows fie ace Fees ork Aa screw clamps to your work 

lery, small parts, DVDs etc, without damage - no solvents away in a hard plastic bench. 

required. Stainless steel 18x8x6cm tank. X 0109 carry case. T2120 









Lockable Tool 
Field Case 

With tool pocket & 
perforated foam inner 
to keep equipment 
secure, Ext. size: 


A 445x330x128mm. 








(CCC hiss 


T 2440 60W 
BL i 








USB Clip On 5x 
Magnifier Lamp 


The latest Inspect-A-Gadget 
magnifier is powered by a USB 






T 2487A 50W 










port and provides a crisp, clear \ , Bit es p= SAVE 30% 
view of your workbench. 430mm Ke ) di: 2 | 
long. 1.5m USB lead. = jiéé Ls . 





Cips toaty donee py onveowe Micron® Handheld Soldering Irons T2885 OW 


rt ii 1 
nena net An iron for every occasion! T 2440 is ideal for general purpose soldering. 
T 24874 features adjustable temperature for more sensitive work. T 2483 is a heavy duty 
chisel tipped iron for tinning large cable, terminals and joins. 





X 0435 







ech 


T 2189A 


SAVE 44% 





Ib 


T2175A 
Zip Up Precision Tool Set 1000V Rated Insulated Tool Kit 14pc Mini Ratchet Driver 101 Pc Ratchet Driver Kit ‘” 1 ?18°A 


Ideal for technicians working on mains powered All in one design with bits stored in A tool for every occasion! Features 95 security, 


A combination of spring loaded pliers/cut- 2 ‘ 
equipment. Includes cutters, pliers, wire strippers. the handle. Great for the desk draw- philips, pozi and slotted bits made from tough S2 


ters & ferrule top screwdrivers in a folding 
carry case. Perfect for field servicing. 


5 screwdrivers plus a neon test driver and 2 rolls of er for when you need to do odd jobs. alloy. Includes two way ratchet handle with comfy 
insulation tape - all in a handy carry case. rubber grip. See web for full contents list. 











SAVE $56 








| or flat TVs up 
| to 65” 








Wall TV Bracket 
With Cantilever Arm 


Silky smooth cantilever angle adjustment, stays just 
where you want it to. * Engineered for flat or curved 
screens up to 65” « Max 600 x 400mm VESA. * Up 180W Subwoofer Sensation! 


to 45kg. Add stunning cinema realism to your home theatre sound : : : : 
‘4 A oes streaming by connecting to your home wireless router, Playback can be via 
system. Massive 180W 10” driver with built in amplifier. : : ; : ; 
. poe : : stored music, podcasts, Spotify etc. Plus you can install multiple pairs to 
Size: 490D x 315W x 420H. ‘Pictured without included cloth grille. : : : : : : 
create multi-zone audio system. Apple Airplay compatible. Sold with active 
(amplified) and passive speaker. 210mmd@ ceiling cutout. 102mm depth. 





Opus One® 2x30W Magnetic ‘edge to edge’ grille. 
cs201 Wi-Fi Wireless Ceiling Speakers 


These stunning high performance kevlar cone speakers offer wireless music 


Why Wi-Fi? Wi-Fi speakers typically offer better range and audio quality than Bluetooth, 
plus they can be networked into a full multi-zone system which can be controlled by one 
or a few devices. : : 


J ‘ i —h i Stunning hi-fi clarity 


SAVE $9.95 





Have a wireless workout! 
Sweat resistant bluetooth wireless headphones - ideal for any 


Tough Drop Resistant Microphone 


! i c for an amazing price! 
strenuous activity. Adjustable ear pieces for the perfect fit. Easy Abscegnineer sitet ee \ 
=a “i 


i 


on ear buttons for track selection, volume and phone calls. Up 
to 7hrs from one charge. 15m range. 


Top Audio Visual Deals [£<..... 


bse Opus One® 8” Walll/Ceiling Speakers 


love ‘em! Includes 5m XLR lead. 





Featuring woven carbon fibre woofer & titanium dome tweeter for the ultimate 
in home theatre response! * Bass & treble control switches « Vented magnets 
¢ Easy flip-lock installation * Rust free aluminium grilles 






SAVE $30 






Create a multi-zone 
audio system at home. 









sane 
p 2039 Meabdstease High Quality Wi-Fi Home 
ae : Network Music Streamer 
Brilliant Wireless Bluetooth® Sound This brilliant music streamer simply plugs into 
Ask for a demo in-store. * Great for the outdoors, fits into your your existing amplifier’s RCA/3.5mm input 
backpack with ease. * 5 hr playback time * 4000mAH internal and pairs with your smartphone or tablet for 
battery bank. * Includes USB charging lead (M 8862 wall charger, instant high quality 
$16.95) © 268x70x100mm, 840g. audio streaming. i 
Send TV SAVE 33% 
audio to 
your head 
~~ phones! L 2026 
SAVE 23% Pd 
A1103B f 
Two Way Add on a C 0520A floor stand to 
A11o9, ‘Bluetooth® suit for just $20. Normally $39.95 

Instant Bluetooth® Wireless Audio Boost your telly 

audio for any amplifier! Transmits or receives audio via Bluetooth & radio reception. 

Pairs with your phone & stream instantly 4.1. Can be powered via USB on your This antenna provides 25dB 

to your existing audio system. Includes TV (cable included). Uses low latency gain for clear digital TV & 

3.5mm lead. Buy P 6020 1.5m lead ($6) —_ technology so theres no lip sync issues! radio reception. Includes 

to hook up to RCA input on most amps. Includes 3.5mm & RCA cables. power supply & PAL-F cable. 


ideal for 
sports clubs, 
churches etc. 
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Mini HDMI Repeater 3 Way HDMI Signal Switcher x} USB C to HDMI Cable 
Extends HDMI leads up to A handy HDMI switcher for connecting up to 3m length. Hook your phone or 
50m. Supports 4K @ 60Hz. 3 HDMI sources to a 4k/2k or HD display. laptop up to any HDMI monitor. 


See last page for store locations or visit altronics.com.au Sale pricing ends May 3lst 2019. _ 
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lroda® 
3 Nozzle Blow 
Torch Kit 


Ideal for trades 
requiring both precision H 
brazing and high output H 
wide spread flame jobs. i 
Supplied in handy carry 
case with stable safety 
stand. 120 mins run 
time at mid setting. 





Handy Wi-Fi Endoscope Camera 
H Great for diagnosing problems in hard to reach places, this 
| handy camera has a 3.6m lead with 2 megapixel camera, i 
i viewable on your phone or tablet screen. Connects up to 4 i ry : / 
devices at once. LED camera light provides a clear view. Includes 
hook, magnet & mirror attachment: 





illustration purposes. 
Includes carry case. re ustration purpose: 
NEW! 
ls T 2457 


lroda® Mini 
Blow Torch 
A 1300°C as th 
blow torch with 
adjustable gas 
feed for a variety 
of tasks such as 
brazing and model 
making. 


$39°> 





ey \Relciils 
OUT NOW! 


D 3009 NEW! 
1000V Precision Driver Kit 


Smaller sizes than most 1000V rated 


PoE Network Tester 


Test live ethernet cabling for data 


Dos'tforgct 


pemecrates aa rl jee 7 aa a and power. Works with any 802.3af/ 
NEW! the gas! T 2451 mantis Tat blade (20) 2: ramen at ports/cabling. Ideal for data/comms 
T 2486 $8.50. 3 phillips (#000, #00, #0). jastalers: Over 800 new products. 


e 416 pages - our biggest edition ever. 
Register to receive a complimentary copy 
by post at: 


ALTRONICS 


Build It Yourself Electronics Centres 


vic 
» Springvale: 891 Princes Hwy 03 9549 2188 
» Airport West: 5 Dromana Ave NEW! 03 9549 2121 
NSW 

» Auburn: 15 Short St 


Wall Mount Open Frame 19” Racks (0) H) 


An open frame 19” rack system designed for wall » Virginia: 1870 Sandgate Rd 
mounting equipment up to 300mm deep. Ideal for 


Handy Deals For Installers... 


HD5908 8RU + HD5912 12RU 


H 4620 2RU =H46214RU H 4622 8RU 


Adjustable Wall Mount Folding 19” Racks 
These racks fold out into a wall mount 19” rack for comms and audio 
installations. Depth can be adjusted between 236 and 400mm. Full 
pre-assembled, installs in minutes! 


02 8748 5388 


07 3441 2810 


combinations of patch panels, security and audio SA 
equioment » Prospect: 316 Main NthRd NEW! 088164 3466 
WA 
» Perth: 174 Roe St 08 9428 2188 
» Balcatta: 7/58 Erindale Rd 08 9428 2167 
H5180A » Cannington: 5/1326 Albany Hwy 08 9428 2168 
Time Saver Snap-Fit eae » Midland: 1/212 Gt Eastern Hwy —« 08. 94282169 
19” Rack Pans 1RU Vented 19” Rack Mount Power Board » Myaree: 54/116 N Lake Rd 08 9428 2170 


Save time and money! No more 
fiddly cage nuts and bolts to screw 
in. Just slide in the clip and push 
fit for a secure fitting between 
equipment. 


2RU Vented 
1RU Solid 
2RU Solid 
3RU Solid 


Cat6a Patch Panels 


Easy back to back connection for use 


D5137A 
24 Port 


D 5139 
48 Port 


pre-terminated leads. No fiddly punchdown 
terminals! Includes cable support bar on rear. 


A neat and tidy solution for powering equipment. 2RU 
panel fitted with powerboard & overload circuit breaker. 


Keep Long Cables Neat & Tidy. 
W intable cable winder to keep extension leads, 
t y. Great for in the 
‘Om of cable. 








Or find a local reseller at: 
www.altronics.com.au/resellers 


Please Note: Resellers have to pay the cost of freight & insurance. 
Therefore the range of stocked products & prices charged by individual 
resellers may vary from our catalogue. 


Sale Ends May 31st 2019 
Phone: 1300 797 007 Fax: 1300 789 777 
Mail Orders: mailorder@altronics.com.au 


B 0092 


© Altronics 2019. E&OE. Prices stated herein are only valid 
until date shown or until stocks run out. Prices include GST and 
exclude freight and insurance. See latest catalogue for freight 
rates. 


Hot on the heels of the new PICkit 4 comes the Snap Debugger/Programmer, 
and it’s a fraction of the price of a PICkit 4. So how does it compare? 
Read on and see. 











of the PICkit 4 in the September 
. 2018 issue (siliconchip.com. 








PICkit 4 is faster than its predecessors, 
both for programming and debugging. 

Clones of the PICkit 2 and PICkit 
3 are both in circulation, and given 
that Microchip has open-sourced the 
designs of both, the clones appear to 
work similarly; there is no reason for 
them to be significantly different to 
the originals. 

Either of these can be had for around 
$20 from many online sellers. 

The Snap is made by Microchip and 
appears to be selling at a similar price 
to the PICkit 2 and PICkit 3 clones, 
so it’s worthwhile comparing them. 
Microchip Direct (Microchip’s online 
store) sells the PICkit 4 for US$47.95, 


siliconchip.com.au 


while the Snap is US$14.95. 


Pa \ 





The Snap Debugger/Programmer is 
based on the same Atmel SAM E70 
32-bit MCU and has the same 8-pin 
header as the PICkit 4, although it’s 
somewhat less complex, which is 
how Microchip can reduce the cost 
compared to the PICkit 4. 

For a start, there is no enclosure; all 
you get is a bare PCB populated with 
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components. But we found a link on 
the Digi-Key website to download a 
set of 3D printable case files, at: www. 
thingiverse.com/thing:3074301 We'll 
have more on that case later. 

Also, the PCB is much smaller than 
even the PICkit 2, let alone the PICkit 
4. Partly this is because it lacks a mi- 
croSD card socket, so presumably, 
the Programmer-To-Go function is not 
available. 

There is a QR code stuck to the top of 
the main IC. It leads you to information 





com.au/link/aang 





First use 

We are currently using MPLAB X 
version 5.05 (on Windows 10; Win- 
dows 7, macOS and some Linux vari- 
ants are also supported). This is the 
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minimum version required to use the 
Snap, so we didn’t have to install any 
new software. 

We then tried to program a PIC- 
32MX170 chip (on a Micromite Back- 
Pack), but this failed. 

It turns out that the Snap Debugger/ 
Programmer is not capable of provid- 
ing power to the target, even though 
there is a checkbox for this in the 
power settings page. 

Once we realised this, we connect 
an external DC supply to the board 
and were then able to program the 
PIC32MX170. The programming speed 
appears comparable to the PICkit 4, 
which we expected based on them 
using a similar SAM E70 processor. 

A further peruse indicated that high- 
voltage programming is not supported 
either, which rules out its use with 
many ‘legacy’ PICs such as the (still 
in production) PIC16F84A. 

So it seems that the main reason for 
the Snap being so much cheaper is that 
they’ve left off some of the features of 
the PICkit, some of which are mainly 
for convenience (eg, providing power 
to the target processor) while others are 
only needed for use with older PICs. 


A closer look 


On this basis, we decided to take 
a closer look at Microchip’s informa- 
tion sheet to see what else sets the 
Snap apart from the PICkit 4. It can 
be downloaded from siliconchip.com. 
au/link/aanp 

The manual mentions that the emer- 
gency recovery jumper is unpopulated; 
you activate it by shorting the header 
pins, while on the PICkit 4, a tactile 
button is provided for this function. 

There is also a comparison table be- 
tween the two programmers (see above 
right). In particular, the programmable 
power options are missing on the 
Snap, as are the configurable pull-ups 
for the programming pins. 

There is an ‘interface comparison’ 
which notes that practically the same 
programming interfaces are available, 
with the proviso that only the low volt- 
age version is available for some chips. 

It also confirms that there is no 
programmer-to-go feature, and that the 
Snap is not intended to be a production 
programmer, while the PICkit 4 is. The 
PICkit 4 is also claimed to support all 
Microchip flash-based MCUs, while 
the Snap supports most. 

This is slightly vague, but makes 
it clear that the Snap is not a direct 
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[@ meus xipe v5.0 
|Bile! Settings Yiew Tools Window Help 



































Hex File: Click on browse to select a hex file 
L 














SQTP File: | Please click on Browse button to import SOTP file 














Output - IPE =| 








Connecting to MPLAB Snap... 


Currently loaded versions: 





Target device PICS2MK170F25€B found. 
Device Id Revision = 0xA2 
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Using the IPE (integrated programming environment) version 5.05 with the Snap 
programmer. It looks similar to when using the PICkit 4; in fact, the only visible 


difference is the programmer name. 


substitute for the PICkit 4. 


Take it for a spin 

Once we’d cleared up the issue of 
powering the target, we tried a few 
programming and debugging exercises 
using many PIC32 devices, includ- 
ing PIC32MX170s and PIC32MX470s 
in various Micromites, as well as the 
PIC32MX270 in the February 2019 
USB Mouse and Keyboard Inter- 
face for Micros (siliconchip.com.au/ 
Article/11414), 

The speed of working with Snap 
seemed to be on par with the PIC 
kit, so if you only need to work with 
PIC32 devices, the Snap could be a 
good choice. We checked the device 
support list for MPLABX 5.10, and it 
appears that the Snap now supports 
most (but not quite all) PIC32 devices 
to some extent. 


Programming 8-bit & 16-bit PICs 

Next, we tried the PIC16F1455, 
which has appeared most notably in 
the May 2017 Microbridge project 


(siliconchip.com.au/Article/10648) 
and as the USB/serial interface of the 
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Micromite Backpack V2 (May 2017; 
siliconchip.com.au/Article/10652) 
and the USB Digital Interface Module 
(November 2018; siliconchip.com.au/ 
Article/11299). 

Initially, we tried a chip that had al- 
ready been programmed for the Digital 
Interface Module, but could not get the 
Snap to communicate with it. Using a 
PICkit 4, we found that the LVP (low 
voltage programming) option on that 
chip had been disabled. 

After using the PICkit 4 to reset 
this, we found that Snap could hap- 
pily read and program the 16F1455. 
As noted earlier, the Snap cannot do 
high-voltage programming. 

Other 8-bit PICs such as the 12F617 
and 16F84 require high voltage pro- 
gramming, so we did not try to program 
these. As expected, the device support 
list (for both MPLABX 5.05 and 5.10) 
indicates that these devices are not 
supported by the Snap tool. 


Give me power 


We note that the Snap board has 
pads for 3.3V, 5V and GND easily ac- 
cessible, so it may be possible to rig 
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There’s not much to the 
Snap PCB. At left there are a few 
support ICs, including an MCP1727 voltage 
regulator. At centre is the SAM E70 processor, and at right is 

the I/O pin interface circuitry. In comparison to the PICkit 4, it 
lacks high voltage circuitry and target power supply amongst others. 


up a jumper wire to provide power to 
the target board if necessary. 

These pads are next to a DFN-8 chip 
marked as U5, which is an MCP1727 
voltage regulator. 

The MCP1727 is capable of 1.5A, 
although its power dissipation while 
dropping 5V down to 3.3V would 
bring it close to its thermal limit. In 
any case, the typical 500mA limit of 
the USB is sure to come into play long 
before 1.5A is reached. 

We 3D printed one of the Digi-Key- 
designed cases, just to protect the unit 
from damage. 

Before we fitted the case, we noted 
that the board appears to get quite 
warm, even when idle. 

As it is, we’ve left the lid off the 
case for now, as we don’t want it to 
overheat. 

There appear to be some other 
spare pads around the board, includ- 
ing a pair of test points, another pair 
marked RXO and TXO, a small pitch 
8-way header marked J2, a small pitch 
2-way header marked J3 and a row of 
five headers marked for synchronous 
serial data of some sort. 

None of these are noted in the infor- 
mation sheet, so we can only speculate 
as to their purpose; they may be for 
some as yet, unreleased feature. 


Our verdict 

The Snap Debugger/Programmer is 
clearly an economy device intended to 
be used with newer microcontrollers, 
especially as it cannot work at all with 
older devices that require high-voltage 
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programming. 

Part support is still in progress. It 
appears that many parts are still only 
at the preliminary or beta stage of sup- 
port, including those we have tested. 

Nonetheless, we found that they 
worked fine for programming and 
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es 
Yes 
Buffered Pin Drivers 

Configurable pull-ups 

Drag and Drop Programming 


Programmer to Go 
Production Programmer No 


LED 
Yes 
Yes 
Yes 






Pay-Per-Feature 


2c DGI 


MPLAB Snap 


No, exposed PCB 


Breakpoints Complex 


Products Supported Most Flash MCUs 


simple debugging. 

If you are only working with 32-bit 
PICs, the Snap appears to be an eco- 
nomical option which provides prac- 
tically all the upsides of the PICkit 4, 
as long as you can live with providing 
power to your target micro indepen- 
dently of the programmer. 

If you plan to use other devices, we 
would not recommend it. 

There are a small number of 8-bit 
devices that it supports, such as the 
16F1455, although some of these parts 
offer high voltage and low voltage 
programming. 

This means the Snap programmer 
would work if the chip is configured 
with low voltage programming disa- 
bled. 

But keep in mind that the low-volt- 
age programming can typically only 
be disabled when using a high-voltage 
capable programmer, so you should be 
safe to use these parts with the Snap. 

Overall, it’s ideal as an economical 
first programmer, or as a second device 
to carry with your laptop or notebook, 
although we would recommend taking 
a good look at the device support list 
before making a decision. se 
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MPLAB SNAP vis MPLAB PICkit 4 comparison. 
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A low=cost 3.0=inch 
touchscreen for the 








icromite 
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We’ve published many projects using 320x240 pixel, 2.8-inch colour 
touchscreens. We love them because of their low cost and ease of 
use. But sometimes they’re a bit too small! Now we’ve discovered 
larger, higher-resolution displays that only cost a bit more and are 
almost as easy to drive. Where do you get them... and how do you 


use them with an 


Arduino or 


ARDUINO 


hile we were working on the 
Diode Curve Plotter project, 
published in the March issue 


(siliconchip.com.au/Article/11447), 
we thought that it would be nice to 
have a larger display area for the 
graphs. 

The 5in (13cm) display that we’ve 
used with Explore-100 based projects 
such as the DAB+/FM/AM radio (Jan- 
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uary-March 2019; siliconchip.com.au/ 
Series/330) is fantastic — but it’s quite 
expensive and a bit larger than is really 
required for many projects. 

There is a similar 4.3in (11cm) 
screen, but it’s hardly any cheaper 
than the 5in display. 

And both the 4.3in and 5in screens 
have another problem: they use a 
parallel interface, which takes up a 
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Micromite? 


lot of I/O pins, and the regular Micro- 
mite doesn’t have support for parallel 
displays. 

You need to use the Micromite 
Plus, which means soldering an SMD 
microcontroller. 

What we really wanted was a larger, 
higher-resolution screen that uses the 
same serial control interface as the 
2.8in (7cm) ILI9341-based screens that 
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have been so popular. That would give 
us more screen real estate and more 
pixels, without using up any more 
1/O pins. 

And that’s just what we found. 

We have been aware of the exist- 
ence of 3.2in (8cm) and 3.5in (9cm) 
touchscreen modules for some time, 
but in the past, all the ones we’d seen 
had a parallel interface. 

That’s good for providing a fast up- 
date rate, but it requires a micro with 
a parallel interface and plenty of pins 
to use efficiently. 

So we went searching for similar 
serial-controlled screens, and we 
found two vendors in AliExpress offer- 
ing just that (see www.aliexpress.com/ 
item//32954128438.html and www. 
aliexpress.com/item//32954240862. 
html). 

We bought one from each to test. 

There are several different variants 
of this type of display around, with 
different connectors and interfaces, 
but all use 0.1in (2.54mm) pitch header 
pins to connect to the controller board. 
Many sellers indicated that they use 
the ILI9488 controller IC, although, as 
we found out later, this is not always 
the case. 

They all come with either a full-size 
SD or microSD socket onboard, and 
many have a resistive touch panel 
too. We particularly wanted to get 
the touchscreen variants since that 
obviates the need to fit any buttons or 
other controls in most cases. 

Once we got the screens, it took 
quite a bit of effort to get them work- 








Basic Operation of the XPT2046 


+2.7V~+5V 








Contestant number one: 
we recommend that you 
use this 3.5in display panel as it works 


with either a Micromite or Arduino (once you build 


our breakout board). We cut off the pin which is now missing, as it 
was causing a conflict between the touch and display controllers, but that is no 
longer necessary with the revised breakout board we present in this article. 


ing (for reasons we’ll explain later), 
but we got there in the end. Later on, 
we'll give you download links to our 
software and source code, so that you 
can do it too. 

We also decided to try out some 
other similar screens, one from Al- 
tronics (because it was easy to get) 
and another which is designed to plug 
straight into an Arduino, since that one 


Serial/ Conversion Clock 
Chip Select 
Serial Data In 
Converter Status 
Serial Data Out 


Pen Interrupt 


Fig.1: this excerpt from the XPT2046 datasheet shows a typical circuit for 
the chip and demonstrates how the touch panel can be viewed as a variable 
resistor network. 
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is really easy to get up and running if 
Arduino is your platform of choice. 

This article assumes that you are 
familiar with either the Arduino In- 
tegrated Development Environment 
(IDE) or Micromite BASIC and the 
various possible methods of uploading 
MMBasic code to a Micromite. 

If you are not, we suggest that you try 
working on simpler projects with these 
platforms before diving into this one. 

We have designed a small breakout 
board to connect the ‘universal’ 3.5in 
serial touchscreen (ie, the one that does 
not come as a ‘shield’) to an Arduino. 

We'll describe this board below. 
This breakout board also works with 
the 2.8in touchscreen that we’ve used 
so often in the past in the Micromite 
LCD BackPack. 


Contestant number one: 3.5- 
inch serial touchscreen 


The 3.5in serial touchscreens we 
sourced look very similar to the 2.8in 
touchscreen used in the very popular 
Micromite LCD BackPack project 
(February 2016; siliconchip.com.au/ 
Article/9812). 

The screen is not only bigger but it 
also has a substantially higher resolu- 
tion, at 480x320 pixels (0.15MP) com- 
pared to 320x240 pixels (0.07MP). So 
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it has exactly twice as many pixels. 

As you would expect, given the 
extra 0.7 inches (20mm) of diagonal 
screen size, it is slightly larger, and 
the PCB is slightly longer, so the two 
pin headers on the board are around 
13mm further along than in the smaller 
LCD. The mechanical mounting holes 
are also arranged differently. 

Otherwise, the main 14-pin inter- 
face header appears identical, and 
the pins are marked with the same 
designations. Like the 2.8in display, 
you can get these with or without the 
touch panel. The difference in price is 
small, so we think it’s worthwhile to 
get the one that has it. 

The main appeal of this unit is that 
it can plug into the existing Micromite 
BackPack and even if you’re using it 
with an Arduino Uno, it won’t take 
up all that many digital I/O pins, so 
you will still have plenty left for other 
tasks. 

It’s controlled using two SPI inter- 
faces, one for the display and one for 
the touch panel, although you can 
drive both from a single set of SPI 
pins on the micro. Like the 2.8in LCD 
used with the Micromite BackPack, the 
full-size SD card socket is accessible 
from one of the long edges of the PCB. 

To simplify our experiments on 
these displays with Arduino boards, 
we designed the aforementioned 
breakout PCB that suits both the 
2.8in 320x240 display and the 3.5in 
480x320 display. 

The instructions for assembling this 
breakout board can be found below. 
If you have one of these displays and 
an Arduino board, you might want to 
build this board before reading the 
following usage instructions. 


Getting it working 
with an Arduino 

Because ofthe prevalence of Arduino 
libraries, we started our testing using 
our breakout board with an Arduino 
Uno. After a few attempts, we found ali- 
brary that was able to drive the display. 
This library can be found at https:// 
github.com/jaretburkett/IL19488 (see 
Fig.4) 

We had to change the pin assign- 
ments in the example sketch, named 
“graphicstest” to the following: 


#define TFT_CS 10 
#define TFT_DC 9 
#define TFT LED -1 
#define TFT_RST 8 
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There is no pin ‘-1’, but this value 
can’t be empty, so a value of -1 is used 
because this is ignored by digitalWrite 
commands since it is an invalid pin 
number, and therefore has no effect. 
On our board, the LED pin is hard- 
wired to the 5V rail, forcing the LCD 
backlight on, to save as many pins as 
possible for other uses. 

Interestingly, this library was modi- 
fied from another library designed for 
the ILI9341 controller, which is what 
is in the 2.8” inch displays. 

It simply provides a low-level in- 
terface to the “Adafruit_GFX” library. 
This library provides common, high- 
level functions like drawing shapes 
and text to displays. 

Adafruit has developed a good 
number of display boards and modules 
(many of which are now appearing as 
clones), and they have excellent sup- 
port for their displays. 

Their libraries are a great resource 
for getting many displays running. 

While it’s nice to have some library 
code that works, we wanted to know 
how to control these displays at a 
much lower level and get an under- 
standing of their operation. 

To see what sets the larger ILI9488- 
based displays apart from the smaller 
ILI9341s, we added some code to the 
libraries to print out (to the serial mon- 
itor) what commands and text were 
being sent to the board, formatting this 
output as commands which could be 
pasted directly into the Arduino IDE. 
This is shown in Screen1. 

This showed us the required ini- 
tialisation sequence for the display 
controller. We then checked the 
IL19488 datasheet (http://siliconchip. 
com.au/link/aanr) and confirmed that 
the commands that were being issued 
were appropriate. 

There are a few commands that 
require a delay after they are sent, to 
allow the controller to process the 
data, so we needed to know when 
these should occur. 

We could then build a working 
sketch from scratch to drive the dis- 
play. 

Since the ILI9488’s drawing (as 
opposed to initialisation) commands 
are practically identical to those for 
the ILI9341, once it’s initialised, the 
process of drawing on the screen is 
quite straightforward. 

Although the datasheet hints that a 
16-bit colour mode (as used with the 
ILI9341) is available, it doesn’t appear 
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to work in SPI mode on the ILI9488, so 
we had to modify the code to produce 
24-bit colour values. 

We've distilled all this code down to 
just the essentials and put it ina demo 
sketch titled “SPI_320x480_display_ 
demo”. This demonstrates drawing 
on the screen in all four orientations, 
including region fills, text and lines 
made of individual pixels. 


Micromite support 

We were then able to translate this 
Arduino sketch into working Micro- 
mite BASIC (MMBasic) code. We had 
to do a search and replace to change 
Arduino’s “Ox” hexadecimal prefix 
with “&H” to suit BASIC, as well as 
changing the function definitions to 
subroutines, amongst other changes. 

The demo BASIC file is called 
“SPI_320x480_display_demo.bas”. 

For the Micromite, the font data is 
embedded as a CFUNCTION. While 
this directive is usually used to store 
machine code, it can be used to store 
any binary data for MMBasic, and is a 
more compact way of doing this than 
DATA statements. 

Some of the display routines have 
been modified to work with larger 
arrays of data, as the SPI interface 
works more quickly with arrays than 
individual values. 

Before this improvement, clearing 
the screen took nearly a minute. 

This display code would be an ideal 
candidate for a CFUNCTION, as that 
would allow it to work a lot quicker, 
but the intention here is to demon- 
strate what is possible, and also to 
show how the interface works. 

We expect readers will have an 
easier time understanding the BASIC 
code than the equivalent C code, even 
if the C code would be substantially 
faster. 

If you are using the Micromite Plus 
BackPack, use the source files with the 
“MMplus” suffix at the end. The SPI2 
peripheral is used for display com- 
munications on the Micromite Plus, so 
you may need to run an “OPTION ... 
DISABLE” command if there are any 
other peripherals using SPI2 before 
the display code will work. 

Similarly, on the regular Micromite, 
any OPTIONs that lock the SPI bus 
may need to be disabled before using 
our sample programs. 

Note that we have not designed a 
breakout board to interface this screen 
to a Micromite. 
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That’s because it can be plugged 
straight into the 14-pin header socket 
on a Micromite LCD BackPack (V1 or 
V2). The mounting holes don’t line 
up, but we’re sure that our readers will 
figure out clever ways to mount these 
boards successfully. 


Touch interface 


One of the great features of these 
displays is the touch interface. 

A quick inspection shows that like 
the 2.8in touchscreen we’re familiar 
with, the 3.5 inch screen uses the same 
XPT2046 touch controller IC and the 
connections appear to be practically 
identical. 

We even found some schematics 
which indicated that this was the case. 

The XPT2046 touch controller is 
effectively a multi-channel 12-bit 
analog-to-digital converter (ADC), 
which is intended to be connected to 
a four-wire touch panel. It can drive 
its analog pins as needed to supply 
a voltage difference across the touch 
surface. Fig.1 shows a typical connec- 
tion for the XPT2046 IC. 

An 8-bit command is sent to the 
XPT2046 over the SPI bus, which sets 
up the drivers and ADC multiplexer 
and starts an ADC conversion. 

This conversion is clocked (timed) 
by the following pulses on the SPI 
SCK clock line. 

Twelve bits of data are read out from 
the chip, along with four zero bits (for 
a total of 16 bits or two bytes), after 
which the touch controller is ready 
for another conversion. 

So this is all pretty straightforward, 
and we had code which worked with 
the 2.8in touch panels, but it would 
not work with the 3.5in panels. 

We tried many different approaches 
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to solve this, including probing the 
lines going to the touch panel itself, 
and ultimately we discovered that the 
problem was due to the LCD controller 
and touch controller sharing one MISO 
(master in slave out) line. 

The display controller should not 
be driving this pin when its CS (chip 
select) line is high, as this is how mul- 
tiple devices share an SPI bus. 

The touch controller correctly 
leaves its MISO pin floating when its 
CS line is high. But the LCD control- 
ler appeared to be driving MISO all 
the time, and this was preventing the 
touch controller from pulling it high, 
resulting in the micro receiving all 
Zeros, 

The fix was easy; we disconnected 
the LCD controller’s MISO line en- 
tirely, as it is not needed since we 
never read data back from the LCD 
controller. Then, everything worked 
like a charm. 

The final Arduino shield design has 
a jumper to disconnect this pin from 
the SPI bus, so you should be able to 
get the touch controller working sim- 
ply by leaving it open. 

Once we got the touch interface 
working, we wrote a few more sample 
programs (both Arduino sketches and 
Micromite BASIC). One of these is a 
basic demo and the other provides test 
and calibration features. 

They are named “SPI_3.5_inch_ 
TFT_shield_demo_wth_touch.bas” 
and “SPI_3.5_inch_TFT_touch_cali- 
bration.bas”, with the Micromite Plus 
equivalents having the same names but 
with “MMplus” at the end. 








SD card support 


Like the smaller 2.8in display mod- 
ules, the 3.5in displays also have an 


These are the test patterns you will see when you run our sample programs. The shadowing (particularly on the right 
photo) is an artefact from photography — this is almost invisible with the naked eye. 
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SD card socket connected to a separate 
set of pins via 1kQ resistors. As there 
is no direct connection to these pins 
on the Micromite or Micromite Plus 
BackPack, the only way to access the 
SD card with these boards is by adding 
jumper lead connections. 

Our Arduino breakout board has 
headers to make connections to the 
SD pins for both the 2.8in and 3.5in 
displays. 

And since the display module has 
nothing to prevent 5V being fed into 
the SD card pins, we have designed 
the breakout board to do all the level 
conversion, as this is also needed for 
the display and touch controllers. 

The Arduino IDE provides a basic 
“SD” interface library, and we tried 
the “listfiles” example from (Files -> 
Examples -> SD). 

Our design uses digital pin 6 as the 
SD card chip select line, so we simply 
changed one line in the “listfiles” 
sketch to use the correct CS-bar pin 
like this: 


if (!SD.begin(6)) { 


We were then able to retrieve a list 
of the files from an SD card plugged 
into the socket on the display. Our 
breakout board can also be used to 
read data from SD cards. 


Verdict 


Now that we’ve figured out how to 
drive it and use the touch panel, this 
display is an excellent choice, espe- 
cially for use with Arduino boards. 

And since it can also be used with 
both the Arduino and Micromite 
boards, we hope to use it more in the 
future. The SPI interface means that 
the pin usage is minimal. 

We'll need to come up with some 
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Contestant number two: this display 
board lacks a touch panel but sits neatly over the top of an 
Arduino Mega. The tactile switch resets the connected microcontroller when pressed. 


CFUNCTIONSs if we hope to use this 
display to any extent with the Micro- 
mite, as the BASIC interface is quite 
slow. 

But the BASIC code is certainly a 
good starting point, and may be suf- 
ficient for some applications. 

Before we get to the assembly of 
the breakout board for this display, 
let’s take a look at a couple of other 
candidates that we evaluated. 


Contestant number two: 
Altronics Z-0575 


The next board is a 3.2 inch LCD 
screen with no touch panel. It’s de- 
signed to plug into an Arduino Mega, 
and it is available from Altronics, 
Cat Z6527 (www.altronics.com.au/p/ 
Z6527) as well as other sources. Altron- 
ics say that it has an ILI9481 controller 
IC, and they appear to be correct, as it 
works with Arduino libraries designed 
for that controller chip. 

This display has a 16-bit parallel 
interface and is designed to work with 
contiguous port pins on the Arduino 
Mega, meaning that, in theory, it will 
is capable of very fast communication 
using direct port writes. 

But that also makes it virtually im- 
possible to use with aregular Arduino 
or a Micromite. 

Its header layout is interesting. 
There is a long 2x18 pin header at one 
end, which suits the large header block 
at one end of the Mega. 

There is also a small 2-pin header 
which connects to the 3.3V and RESET 
pins at the other end of the Mega. This 
requires the display to rest on the USB 
socket for support while blocking 
practically all of the other pins. 
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Interestingly, the full-size SD card 
socket is deep inside the board outline 
and is not accessible while the board 
is attached to a Mega. 

On the same side as the SD card 
socket are three small SSOP ICs (which 
are responsible for converting between 
the Arduino’s 5V logic levels and the 
display’s 3.3V) as well as a capacitor, 
resistor, voltage regulator and an un- 
populated SOIC-8 footprint. 

The specification sheet notes that 
the display will work from 3.3V to 
5.5V, so it might also be suitable for 
3.3V boards such as the Arduino Due, 
although we have not tried this. 

On the front of the display is a tac- 
tile pushbutton, which is connected 
between the GND and RESET pins 
on the Mega board, so that pressing 
it resets the microcontroller on the 
Mega board. 


Getting it working 

Altronics provide a good amount 
of sample code, which can be down- 
loaded from the downloads tab of the 
product page linked above. 

This download includes manuals, 
libraries and images of sample display 
output. 

We used an Arduino Mega to test 
it, mainly because most of the other 
micro boards we had on hand didn’t 
have enough IJ/O pins to drive it— you 
need 201/O pins just to run the display, 
and even if you have that many free, 
it would be fiddly to wire it up using 
jumper leads (see Fig.2). 

The board is effectively a shield for 
the Mega and directly plugs in on top. 
While easy to insert, the large header 
is hard to remove, and we found we 
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Fig.2: a pin map for the Altronics 
display shield, designed to plug into 
an Arduino Mega. We have added the 
Mega pin numbers for clarity, although 
these are not needed for the direct port 
writes used in the library code. 


had to take care detaching the shield 
by wiggling the display to gently ease 
the pins out so that they don’t catch 
and bend. 

We extracted the “Arduino Demo_ 
Mega2560” folder from the zip file and 
copied the contents of the “Arduino 
Demo_Mega2560\Install libraries” 
folder to the Arduino libraries folder. 
In Windows 10, our libraries folder is 
at “Documents \ Arduino \ libraries”. 

We then had a libraries folder as 
shown in Fig.3. 

It appears these libraries are adapted 
from those that can be downloaded 
from www.rinkydinkelectronics.com/ 
library.php This is a handy website 
which also offers fonts that can be 
used with graphical LCDs. 

We restarted the Arduino IDE for it 
to recognise the newly copied librar- 
ies. 

The example sketches can be found 
in the “Arduino Demo_Mega2560” 
folder. The “Example01-UTFT_ 
Demo_480x320” sketch cycles through 
a few demonstration patterns. 

The other sample sketches dem- 
onstrate fonts, buttons and bitmaps, 
although, as we noted earlier, this 
display does not feature a touch panel, 
so it was not possible to test the button 
sketches properly. 


SD card slot 


As we mentioned, there is an SD 
card slot tucked under the board. 
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Contestant number three: while this display module does have a touch 
panel, the lack of available spare pins when paired with an Uno means 
that it may not be very useful, as the Arduino can then not easily be 


connected to any other device. 


This can be a handy as it allows 
large images, graphics or icons to be 
stored on an SD card instead of tak- 
ing up valuable flash memory in the 
microcontroller. 

Once again, we tested it with the 
“listfiles” example from Files -> Ex- 
amples -> SD. 

Although the pin map on the dia- 
gram does not have the pins numbered, 
we were able to ascertain that the SD 
card’s CS-bar pin is connected to pin 
53 on the Mega. 

Thus we needed to change the line 


if (!SD.begin(4)) { 
to read 
if (1SD.begin(53)) { 


before compiling and uploading the 
sketch. It then worked, showing a list- 
ing of all the files on an inserted SD 
card, so the SD card slot on this board 
works as expected. 

The unpopulated footprint noted 
earlier is designed to be fitted with a 
flash memory IC. 

It too uses the SPI bus, and accord- 
ing to the specification sheet, uses the 
Mega’s pin 45 as its CS (chip select) 
line. 

There is no further information on 
how this should be used, although we 
would not be surprised if the footprint 
matches many of the commonly avail- 
able flash memory ICs. 

In summary, this display is easy to 
get, looks good and works well with 
the provided libraries. 
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The lack of a touch panel limits its 
utility somewhat, as does the awk- 
ward placement of the SD card slot. 
Being slightly smaller than the other 
two screens but with a similar pixel 
count, it does offer a slightly higher 
pixel density. 


Contestant number three: 3.5 
inch with Arduino pinout 

The final display we tried is a 3.5in 
touchscreen with a standard Arduino 
shield pinout, and it gives a very tidy 
result when plugged into an Arduino 
Uno (see above). 

The display’s PCB sits flush with the 
USB socket on the Arduino board, and 
the microSD card slot fits neatly next 
to that USB socket. 

On the back of the PCB, along with 
the microSD card slot, there are two 
SSOP ICs (presumably for level con- 
version) and an unpopulated SOIC 
footprint. 

The SD card and SOIC-8 footprint 
appear to be connected directly to the 
board’s I/O pins and not via the level 
converter ICs. 

The PCB itself is only marginally 
wider and longer than the display. So 
when combined with an Arduino Uno, 
it’s quite compact. 

But because this display uses an 
8-bit parallel interface, it uses up many 
of the available pins. 

With the Uno, only a single analog 
pin and the serial communication pins 
are left free. That rather limits the util- 
ity of the combination! 
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So you would need to use it with 
a Mega in practical applications, 
which rather negates its compactness 
advantage, and also would require sig- 
nificant software changes that would 
slow it down. 

The board is marked with ‘mcu- 
friend’ branding, and this hint led us 
to find some helpful tools to work with 
the module. 

We tried code designed to interface 
to the ILI9488 controller in parallel 
mode (which it supposedly used), but 
that didn’t work. 

Since the seller advised that the 
display could have one of a few dif- 
ferent controller ICs, we decided to 
figure out which one it actually had. 

There is an excellent resource at 
siliconchip.com.au/link/aans — this 
is a tool designed to help identify and 
operate these shield-type displays. 

At the time of writing, the most 
recent update to this tool/library was 
only four days prior, so it appears that 
it is continually being updated. It also 
requires the “Adafruit_GFX” library, 
and it can identify and control a large 
number of different displays. 

Both the “Adafruit_GFX” and 
“MCUFRIEND_kbv” libraries can be 
found and installed from the Arduino 
IDE’s library manager. Screen2 shows 
how you can find and install these li- 
brary dependencies using the Arduino 
Library Manager. 
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We then opened and ran the “graphictest_kbv” sketch 
from the File -> Examples -> MCUFRIEND_kbv -> graph- 
ictest_kbv menu. This displays some information to the 
serial monitor at 9600 baud, including an identification 
code which is read from the board. In our case, the code 
was 0x6814. 

According to the “MCUFRIEND_kbv.cpp” file in the 
library, this suggests that the controller in an RM68140, 
which is similar to the ILI9488 but has a different initiali- 
sation sequence. 

In our case, this demo code initialised the display and 
drew various test patterns, indicating that this sketch is 
capable of working with this display board. 

We took a look at the RM68140 data sheet but opted 
for a sneaky trick to work out the initialisation sequence, 
without having to read it in depth. 

We embedded some extra code into the library men- 
tioned above to see what commands and data were be- 
ing issued to the display, then copied these back to our 
sketch. This resulted in a working example sketch, named 
“8bit_320x480_display_demo”. 

Our download package also has a cut-down version of 
the MCUFRIEND_kbv library demo sketch. You will note 
that the sketch produces similar results to our example, 
but is much larger due to the library having many features 
that aren’t used. 

Our sample code is designed to work on an Arduino Uno 
board. Due to differing port and pin configurations, it will 
not work on other Arduino boards; it depends on direct 
port access for speed. 


The serial 3.5in touchscreen: 

the reverse of the PCB is quite bare except 
for an SD card socket and the touch 
controller IC and its associated components. 





The circle highlights the pin we had to 
remove during testing to resolve a conflict 
on the SPI bus (also shown at left). You 
shouldn’t have to do this on your board! 





The sketch includes some code that should work on 
other Arduino boards, but it is very slow and has been 
commented out for simplicity 


Touch panel 


The touch panel on this type of display is a simple 
four-wire resistive type. It doesn’t even have a dedicated 
controller IC, but instead, connects directly to the Arduino 
analog I/O pins. 

You can determine the touch location setting one of 
these pins to 5V (high), another to GND (low), and then 
performing an ADC read on either of the two remaining 
pins. The resulting value indicates the relative position of 
the touch in the X or Y axis. 

So the touch panel effectively behaves as a two-dimen- 
sional potentiometer, with the “wiper” actually being the 
point being touched. 

As two of the wires are connected to the horizontal 
edges and two to the vertical edges, the location in two 
dimensions can be found by performing two readings as 
described above, but changing which pins are driven and 
which are sampled. 

On this panel, the touch panel is connected to pins D6, 
D7, A1 and A2. Interestingly, all of these pins are also used 
for driving the display, so this is a very busy shield. This 
does not interfere with their touch functions. 

We’ve written a basic sketch that reads from the touch 
panel and displays the raw ADC readings on the screen. 
It’s called “8bit_320x480_touch_demo”. 

These ADC readings would need to be converted into 
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Fig.3: after unzipping the Z6527 resources from the Altronics 
website, the library files should look like this. The three 
selected folders starting with “U” are the ones being copied. 
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Fig.4: the ILI9488 library from https://github.com/jaretburkett/ 


ILI9488 can be installed using the Arduino Library Manager 
by searching for “ili9488”. 
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display coordinates to implement a functional interactive 
touch interface, which in turn would require a calibration 
procedure, to account for differences in displays. 

We’ve also provided a sketch called “8bit_320x480_ 
touch_calibration”, which shows the basics of how to do 
this conversion and gives you a starting point for doing it. 


microSD card slot 


Even though the SD card socket on this display appears 
to be wired directly to the Arduino’s I/O pins (and thus, 
would be driving a 3.3V device from 5V outputs), we tried 
the “listfiles” sketch as above, but this time changing the 
initialisation line to read: 


if (ISD.begin(10)) { 


to suit the Uno’s pin mapping. Surprisingly, it worked. We 
suspect that we have a tough microSD card and would be 
surprised if it lasts long being directly driven from 5V pins. 

The SOIC-8 footprint on the board also appears to be 
directly connected to 5V I/O pins as well, with its pin 1 
(which is CS-bar on many flash ICs) connected to pin A5 
on the Uno. 


Verdict 


As noted above, this unit looks very tidy when paired 
with an Uno board, but since it leaves virtually no I/O pins 
free, it’s hard to think of a useful application for it. 

And as also mentioned above, if you use the obvious 
solution of upgrading to an Arduino Mega board, you lose 
most of its speed advantage over a serial display, since you 
can no longer do direct port writes. 

That the shield appears to connect to the microSD card 
slot and flash chip pins at 5V is concerning, and we would 
not recommend using those interfaces on these modules. 


Building the Arduino breakout board 


We are very happy with the 3.5 inch SPI display panels 
(the first ones described above). We felt that a proper break- 
out board was necessary to make it easier to connect them 
to an Arduino, avoiding the need for messy jumper wires. 
The circuit for this board is shown in Fig.5. 

There isn’t much to it. It mainly just routes the signals 
between the Arduino and display, while converting the 
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datas (0x0) ; 
data& (0x3) ; 
data (0x9) ; 
datas (0x8) ; 
dataS (0x16) ; 
datas (OxA) ; 
data$ (Ox3F); 
datas (0x78) ; 
datas (Ox4C) ; 
datas (0x9) ; 
data’ (OxA) ; 
data’ (0x8) ; 
datas (0x16) ; 
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Arduino’s 5V signal swing to 3.3V to suit the LCD screen, 
touch panel and SD card interfaces. 

There are seven 470Q /1kQ resistive dividers to achieve 
this. These are for the MOSI and SCK connections on the 
shared SPI bus, three CS lines (one each for the LCD, touch 
controller and SD card) and two extra control lines on the 
LCD controller; DC (data/command) and RESET. 

Note that we haven’t put a divider on MISO since it is a 
3.3V signal coming out of the touch controller (or SD card), 
which a 5V Arduino boards can accept as-is. Per the data 
sheet, the minimum voltage level that an ATmega328 mi- 
cro running from 5V is guaranteed to read as high is 3.0V. 

The board also supplies logic power (3.3V) to the display, 
which is taken from the Arduino’s 3.3V supply, and power 
for the backlight LED(s), which comes directly from the 
Arduino’s 5V supply. 

The touch controller’s T_IRQ line is not connected, as we 
felt that this would eat too much into the already dwindling 
number of available I/O pins on the Arduino. 

We have provided connection pads to all unused pins on 
the Arduino, so they can be connected by jumper leadd if 
needed. In most applications, we find that it is not necessary. 

The SPI communication lines for the display are routed 
to the 6-pin ICSP header on the Arduino board. Since the 
introduction of the so-called ‘R3’ Arduino board layout, 
this is the location which is guaranteed to be connected 
to the Arduino’s hardware SPI pins, regardless of which 
digital I/O pins they map to (that differs between various 
Arduino boards). 

For this reason, the breakout board can be used with just 
about any 5V Arduino R3 board, and we’ve tested it with 
a few including the Leonardo, Mega and Uno. 

If you’re not sure that your board is R3 compatible, check 
that it has the ICSP header approximately halfway between 
the TX/RX pins and the analog pins. It should also have 
one 10-way, two 8-way and one 6-way female pin headers. 

Earlier versions typically lack the 10-way header. 

As mentioned earlier, JP1 can be used to connect the 
MISO line to the LCD controller, but generally, you will 
want to leave this open, or else the touch controller inter- 
face may not work. 

The PCB also has mounting holes for both the 2.8 inch and 
3.5 inch display panels, as well as the Arduino board itself. 
The remaining spare room is occupied with a small pro- 
totyping area with 5V, 3.3V and GND connections nearby, 
and all unused Arduino pins have adjacent breakout pads. 

There’s also a slot which allows the end of the PCB to 
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Screen1: this Arduino code was generated by software 
running on the Arduino itself, after we added carefully 
crafted debugging code to the library which was able to 
initialise the LCD controller successfully. 
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Screen2: both the Adafruit_GFX and MCUFRIEND_kbv 


libraries can be installed through the Arduino IDE’s Library 
Manager. Use the search terms above to help find them. 
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be broken off if you are using it for the 2.8in display, as 
otherwise the board is 13mm wider than it needs to be. 


Construction 


The breakout board PCB is coded 24111181 and measures 
98 x 55mm. Use Fig.5, the PCB overlay diagram, as a guide 
during construction. 

If you wish to cut down your board to suit a 2.8in dis- 
plays, this should be done first, to avoid damage to installed 
components. Runa sharp knife over the four tracks crossing 
the narrow bridge to cut them cleanly. This avoids any risk 
of them tearing and lifting off the board. 

Now use broad-edged pliers to gently flex the 
board along the line of the slot until it breaks. You 
may like to clean up the rough edges with a file; we 
recommend doing this outside, preferably with a face 
mask to avoid inhaling fibreglass dust. 

The resistors are the first parts to fit, where shown 
in Fig.6. The 1kQ resistors will have colour bands of 
either brown-black-red-gold or brown-black-black- 
brown-brown, while the 470Q resistors will have 
either yellow-violet-brown-gold or yellow-violet- 
black-black-brown. 

You can leave the header for JP1 off (you probably 
won’t need it) but if you do want to install it, do so 
now. You can mount the header but leave the shunt 
off at first if you aren’t sure. 


Next, fit the five headers which connect to the F ig.6: use this PCB overlay diagram as a guide when building the 
breakout board. After fitting the resistors where shown, you just 
need to solder the headers in place. Some go on the top while 
those which plug into the Arduino are mounted on the bottom. 


Arduino board. The easiest and neatest way to do 
this is to use the Arduino board itself as a jig. 
Plug the 6-way, 8-way, 10-way male headers and 
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86 3.5-INCH TOUCHSCREEN ARDUINO ADAPTOR 


Fig.5: the breakout board circuit routes the connections between the Arduino pins and LCD 
touchscreen headers, while providing level translation to allow the 5V Arduino to drive the 
3.3V chips on the LCD board. This conversion is done using 1kQ /470Q resistive dividers. 


Australia’s electronics magazine 


the 2x3-way female header 
into the Arduino board 
and then slot the breakout 
board on top. Ensure it is 
flush and pushed down 
firmly before soldering 
the headers into place. 
All these header pins are 
soldered from the top side 
of the board. 

Check the headers are 
correctly soldered, and 
unplug the breakout board 
from the Arduino board. 

Use a similar technique 
for the headers that con- 
nect to the display panel, 
although you may find that 
your display panel does not 
come with the 4-pin male 
header fitted. 

Assuming this is the 
case, plug the 4-way male 
header into the 4-way 
female header, then plug 
the 14-way female header 
onto the display panel’s 
pin header. 

Put the 4-way male head- 
er end into the display 
panel and rest the breakout 
board on top, ensuring that 
all 18 header pins are in 













their correct locations. 

Now solder the headers onto the breakout board and then 
flip the assembly over to solder the 4-way male header to 
the display panel. The breakout board is now complete 
and can be plugged back into the Arduino. 

Optionally, you can use tapped spacers and machine 
screws to secure the display panel to the breakout board. 
Mount the spacers to the display panel with the spacers 
behind and the screws on top. Fit the breakout board to the 
rear of the display panel, and secure with the four remain- 
ing screws. There will be a slight gap between the male 
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The completed R3 
to LCD Adaptor. Note the 
jumper (highlighted above) is not : 
populated and we have fitted headers for both 3. 
inch displays, although you will probably only use one 
(fit one or the other). If using the 2.8 inch display, you can 
break this PCB along the slots at the right side. 


and female headers as the 12mm spacers are longer than 
the approximately 11mm combined height of the headers, 
but they should still make good contact so this shouldn’t 
cause any problems. 


Software 


The sketches we have created are designed to stand on 
their own and do not require any separate libraries to be 
installed. The ZIP download package contains three sample 
sketches, all starting with “SPI”. 

Extract the contents of the .zip file to somewhere on 
your computer, and open one of the files with the Arduino 
IDE. Select the appropriate board and port combination, 
and click “Upload”. The three examples work as follows: 
1) “SPI_320x480_display_demo” draws boxes, lines and 

text to the display as it cycles through the four pos- 

sible orientation settings (two in portrait and two in 
landscape). 

2) “SPI_3.5_inch_TFT_shield_demo_wth_touch” shows off 
the touch feature by drawing lines and displaying the 
current touch coordinates to the display. 

3) “SPI_3.5_inch_TFT_touch_calibration” can be used to 
fine-tune the touch settings, although we found the de- 
fault calibration worked fine with three different screens. 
The touch calibration sketch requires the Arduino Se- 

rial Monitor to be running. During the calibration stage, it 

will send four lines of text to the Monitor that should be 
copied over the similar lines in any sketch that uses these 
touch routines. 

For example: 


#define TOUCH_XO 1 
#define TOUCH_X1 2001 
#define TOUCH_YO 199 
#define TOUCH_Y1 76 


You might also like to experiment with the library we 
mentioned earlier, remembering to change the pin defini- 
tions near the start of the “graphicstest” sketch like this: 


#define TFT_CS 10 
#define TFT_DC 9 
#define TFT _ LED -1 
#define TFT_RST 8 


The library can also be installed via the Library Manager 
by searching for “ili9488” (see Fig.4). It also requires the 
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Parts list - 
Arduino breakout board 


1 double-sided PCB coded 24111181, 98x55mm 

1 3.5in 480x320 pixel IL19488-based LCD touchscreen with 
SPI interface 

1 Arduino R3-compatible board, such as the Uno R3, Mega 
R3 or Leonardo R3 

1 10-way pin header 

2 8-way pin headers 

1 6-way pin header 

1 4-way pin header 

1 14-way female header (CON1) 

1 4-way female header (CON2) 

2 3-way female header strip OR 

3 2-way female header strips 

412mm-long M3 tapped spacers 

8 6mm M3 panhead machine screws 

1 2-way male header strip and jumper shunt (JP1; optional) 


Resistors (all 1/4W 1% or 5%) 
71kQ — (brown black red gold or brown black black brown brown) 
7 470Q (yellow violet brown gold or yellow violet black black brown) 















“A dafruit_GFX” library to be installed, which can be found 
by searching for its name in the Library Manager. 

In the software resource bundle for this project, we’ve 
included .zip files of the current versions of these open- 
source libraries in case you have trouble finding them. 


Future updates 


Now that we have confirmed that these displays can be 
used on both the Arduino and Micromite platforms, we 
plan to use them in future projects. 

Before we use them with a Micromite, we will need to 
write CFUNCTIONSs to get an acceptable display update 
speed. $6 


INTO MODEL RAILWAYS 
IN A BIG WAY? 


With lots of points, multiple tracks, reversing loops, multiple 
locos/trains, — in other words, your model trains are more a 
passion than just a hobby? Then you might be interested in 
these specialised model train projects from March 2013 


Automatic Points Controller 
oe, with two infrared sensor boards) 
PCB 09103131/2) $13.50 


Frog Relay Board (09103133) $4.50 


Capacitor Discharge for Twin-Coil Points 
Motors (PCB 09203131) $9.00 


See article previews at www.siliconchip.com.au 
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CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked 
paid for at standard rates. All submissions shoul 


but not built and tested. Contributions will be 
d include full name, address & phone number. 








Battery-powered Steam Train Whistle 


John Clarke’s September 2018 Steam 
Train Whistle & Diesel Horn is a fantas- 
tic project. But I wanted to build it for 
my young grandchildren, so I needed 
to modify it to be battery-powered with 
automatic switch-off. In the off mode, 
the current drain should be no more 
than 2pA for good battery life. 

You could achieve this with a bat- 
tery on/off switch, but in my experi- 
ence, young children always forget to 
turn it off and so the battery would 
soon be flat. 

I decide to use a standard 9V battery, 
two 5V regulators and a PIC12F617 
microcontroller as a switch-off timer. 
In sleep mode, it draws practically 
no current. 

REG? is an ultra-low quiescent cur- 
rent (~1pA) regulator which provides 
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BATTERY POWERED STEAM WHISTLE 


the 5V supply for microcontroller IC4. 
After 12 seconds, IC4 goes into sleep 
mode, giving a total battery current of 
less than 2A. In this state, output pins 
GP4 and GP5 (pins 3 and 2) are low 
(OV), switching off N-channel Mosfets 
Q1 & Q3 and PNP transistor Q2, so that 
no current is fed to REG1, an LP2950 
5V regulator. 

When SOUND pushbutton S1 is 
pressed, it pulls the GP2 input (pin 
5) of IC4 low, bringing it out of sleep 
mode. The GP5 output then goes high, 
switching on Q1 which mutes the am- 
plifier (IC2). At the same time, GP4 
goes high, switching on Mosfet Q3 
which pulls current from the base of 
Q2, turning it on and allowing current 
to flow to REG2. 

REG2 then brings up the 5V rail 
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(THIS PART OF THE CIRCUIT FROM 
THE SEPTEMBER 2018 PROJECT) 





supplying IC1-IC3. After a short time, 
GP5 is brought low again, releasing the 
mute (which is required to prevent 
clicks while the other ICs power up), 
and output GPO is driven high, trigger- 
ing the whistle or horn sound effect. 
If pushbutton S1 is pressed again a 
short time later, GPO again goes high, 
re-triggering the sound effect. 

If S1 is not pressed for 12 seconds 
then microprocessor IC4 goes back to 
sleep, switching off the power to the 
rest of the circuit and again reducing 
the battery current to less than 2A. 

The software for IC4 was written in 
PICBASIC PRO, and the BASIC source 
code (“Whistle sleep.bas”) and HEX 
file (“Whistle sleep. HEX”) are avail- 
able for download from the SILICON 
CHIP website. 

Les Kerr, 

Ashby, NSW ($70). 


REG1 LP2950 
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THERMAL SWITCH 


Switching cooling fan based on power supply load 


I built a 12V 10A power supply 
for general purpose use, but most of 
the time it is used for float charging 
a 12V lead-acid battery which runs 
LED lighting. The supply needs a cool- 
ing fan when under heavy load but I 
didn’t like the fan running continu- 
ously when it’s only putting out a few 
hundred milliamps to keep the battery 
charged during the day. 


Q2 BC640 
Cc E 
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I decided to add circuitry to switch 
the fan on when the supply is deliver- 
ing more current but rather than use a 
shunt to monitor the load, I came up 
with a simpler solution. 

This circuit monitors the ripple 
voltage on the capacitor bank that’s 
supplied by the main rectifier and 
which feeds the regulator portion of 
the supply. The higher the load, the 
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greater the ripple, so this is a good way 
to control the fan. 

I’m using an LM386 amplifier (IC1) 
to amplify the ripple. VR1 provides a 
means to adjust the amount of amplifi- 
cation and therefore the load threshold 
at which the fan switches on. 

The output of the LM386 is fed to a 
diode charge pump based on D1 & D2 
which results in a DC voltage propor- 
tional to the AC ripple voltage. 

This is applied to the coil of RLY1, 
so once the output of the charge pump 
exceeds the relay’s switching thresh- 
old (around 3V for the 5V relay), it 
latches on, lighting LED1 and power- 
ing the fan. 

A thermal switch on the heatsink is 
used as a failsafe, to power the fan if 
the heatsink temperature gets too high, 
eg, if the load is somehow drawing 
very high current pulses which are too 
brief to trigger the ripple-monitoring 
circuitry but still high enough to cause 
considerable heating. 

If the thermal switch closes, the fan 
runs at full speed; the rest of the time, 
it’s either off, or running at a slightly 
reduced speed due to the 82Q series 
resistor. This reduces noise while still 
providing adequate cooling in most 
usage Cases. 

To set up the circuit, draw a constant 
load from the supply at the level you 
want the fan to switch on (I chose 3A), 
then rotate VR1 full anti-clockwise 
and then slowly clockwise until the 
fan switches on, as indicated by LED1. 
Assuming your supply has an adjust- 
able current limit, you can do this by 
shorting the outputs and then adjust- 
ing the current to the desired level. 

Trevor Vieritz, 

Burpengary, Qld ($65). 
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ESP32 Internet Radio Receiver 


The low-cost VS1053 MP3 player 
shield featured in the July 2017 issue 


(siliconchip.com.au/Article/10721 


& siliconchip.com.au/Article/10722) 
and available from the SILICON CHIP 


Online Shop (Cat SC4315; siliconchip. 
com.au/Shop/7/4315) gave me the idea 
to make my own internet radio. 

All I needed was an Arduino with 
WiFi to receive the data; then I could 
use the VS1053 to decode and play it. 
In the end, this internet radio cost me 
less than $20 to build. 

The software on the Arduino bare- 
ly has to do anything at all; once it’s 
receiving the compressed audio data 
from the remote radio server, it just 
passes it on to the VS1053 audio pro- 
cessor on the shield board, and it does 
the rest! I found that all I have to do is 
deliver streaming data in exactly 32- 
byte chunks for this to work. 

As I’m familiar with the Arduino- 
compatible ESP32 processor and 
board modules, and they are cheap, 
that’s what I decided to use. Once I 
took advantage of some helper librar- 
ies and headers, the simple version 
of my program ended up only being 
about 50 lines long. 






The hardware is similarly quite sim- 
ple. The three main components are 
the ESP32 board, VS1053 shield and 
optional OLED display. 

The ESP32 and VS1053 connect via 
a three-wire SPI serial bus, two chip 
select lines (XCS and XDCS), a reset 
pin (XRST) and interrupt/signal line 
(DREG). 

The SPI pins of the shield go to the 
ESP32’s SPI bus, while the other lines 
simply go to available digital I/O pins. 
The OLED communicates via I2C and 
so it is wired to the ESP32’s I?C pins 
(SDA for data and SCL for clock). 

The VS1053 shield I used is similar 
to the one described in the July 2017 
issue of SILICON CHP, but instead of be- 
ing an Arduino shield, it is a roughly 
square blue board with all the con- 
nections on a SIL header along one 
side. This makes it smaller and more 
convenient to wire up to the ESP32 
module I'm using. 

The 3.3V supply is derived from a 
3.7V (nominal) LiPo cell by an HT7333 
low-dropout 3.3V linear regulator. 

The ESP32 and optional OLED 
screen run off this regulated rail while 
the VS1053 has internal 3.3V and 2.5V 


ESP32 INTERNET RADIO 
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regulators, so the battery voltage is ap- 
plied directly to its 5V input, which 
feeds directly to the inputs of these two 
regulators (see the July 2017 article for 
its circuit details). 

Pushbutton switch S1 is connected 
between ESP32 pin D13 (reset) and 
ground and it used to change radio sta- 
tions; each time it is pressed, it resets 
the ESP32 and it then tries to connect 
to the next internet radio station from 
a list stored in flash memory. 

When building the unit, keep the 
wires between the ESP32 and VS1053 
as short as possible. Longer wires can 
result in a humming noise at the au- 
dio output. 

The VS1053 module produces ste- 
reo sound which can be fed directly 
to headphones or small speakers. For 
driving larger speakers, which require 
more than a watt or so, you need an 
external amplifier. 

Once you've built the hardware, you 
will need to download and install the 
latest Arduino integrated development 
environment (IDE) if you don’t already 
have it on your computer. 

You will also need to download 
and install the ESP32-specific board 
files. This can be done via the built-in 
Board Manager. 
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The radio was built on a breadboard using flying leads, the size and pin 
locations of the modules makes it difficult to lay them out cleanly, but it could 


be built into a case. 


The software sketch requires the 
open-source ESP32 VS1053 library, 
which is included as part of the down- 
load package (github.com/Edzelf/Esp- 
radio). 

Open the sketch in the Arduino IDE 
and then modify it so that it contains 
your WiFi network SSID and pass- 
word. These are defined near the top 
of the code. 

You should also change the station 
list to include your favourite internet 
radio stations. You can then upload 
the software to the ESP32 in the usual 
Arduino way. 

Once uploaded, the ESP32 will first 
display “Hello” to indicate that the 
VS1053 is up and ready. It will then 
wait for a couple of seconds while it 
connects to your WiFi network. 

Progress is shown as a series of 
dots on the Serial Terminal output. 
Once connected, it then loads the 
station and as soon as it’s connected, 
you should get audio output from the 
VS1053 module. 

Press switch S1 once and the next 
station will be tuned. It will go through 
the connection process again, and this 
may take a few seconds. . 

If you’ve connected the optional 





IC OLED screen, the name of the 
currently playing station is shown 
on that screen. I had to jump through 
some hoops to get this part of the code 
to work. 

I first tried using the Adafruit 
SSD1306 and Adafruit GFX libraries 
to drive the display, which I’ve had 
success with in the past, but they in- 
terfered with the radio streaming and 
caused the sound to break up. 

I found that I had to instead use a 
lightweight SSD1306 library called 
esp8266-oled-ssd1306 (also included 
in the download) which is designed 
specifically for ESP8266-based mod- 
ules. 

With this library, the I?C display 
works just fine without any effect on 
the sound output. 

Note that if you leave the OLED 
screen off, you don’t need to change 
the software. The I?C data will just go 
nowhere. 

The sketch is named “simple_ 
esp32_radio_mod3.ino” and a second 
file, “helloMp3.h” is also included 
which contains a short greeting sound 
file that’s played at start-up. 

Bera Somnath, 

Vindhyanagar, India ($95). 


Got an interesting original circuit that you have cleverly devised? We will pay 


good money to feature it in Circuit Notebook. We can pay you by electronic 
funds transfer, cheque or direct to your PayPal account. Or you can use the 
funds to purchase anything from the SILICON CHiP Online Store. 
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n@siliconchiprcomtau 
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The Admin 5ACW differs in its shape and technology from other 
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radios made by major Australian brands in the 1950s. Plastic-case 
mantel radios of the time typically had rounded edges. The rectangular 
simplicity of this radio was to become the norm in the 1960s. 


The most radical feature of the 
5ACW is the incorporation ofa printed 
circuit board (PCB) that hosts most of 
the major components. 

One of those components is an en- 
capsulated package with seven in- 
line pins connecting all components 
between the audio preamplifier and 
output pentode; it’s the orange pack- 
age next to the 6AQ5 valve. 

This radio incorporates a synchro- 
nous clock driven by the 50Hz mains 
that controls timed on-off and snooze. 
The other front panel knobs are for 
volume adjustment and tuning. 

The addition of a clock made this 
radio especially welcome in kitchens 
and bedrooms. In bedrooms of the time 
there were few power outlets installed; 
probably only one for a bedside lamp. 
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To avoid using a double adapter, this 
radio incorporated an unswitched out- 
let on the rear panel, so a lamp could 
be daisy-chained. 

The gold-accented front panel is a 
separate moulding, distinct from the 
main case, and acts as a speaker grille 
for the 4-inch MSP speaker mounted 
in its centre. 

The same radio was also offered 
without a clock. The alternative front 
panel covered the clock area while 
the speaker remained in the centre. 
The clockless radio does not include 
a mains socket at the rear; a blanking 
plate covers the hole. 

This radio was available in various 
colours: ivory (shown here), primrose, 
grey, burgundy, beige and tan. 

It’s highly advanced in some re- 
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spects, yet conforms to old practices in 
other areas. The stamped metal chassis 
is minimalist but still serves as a base 
for all major components in the way 
that radios of the 1930s did. 

By the 1960s, most radios (by then, 
transistor based) had a circuit board 
capable of supporting the ferrite rod 
and tuning capacitor so that no metal 
chassis was required. 


Circuit details 


By 1956, the majority of mantel ra- 
dios included a ferrite rod aerial. This 
one has a 10-inch long ferrite rod and 
it provides excellent sensitivity for lo- 
cal stations. An external antenna and 
Earth connection are provided using 
coils wound over the ferrite rod. 

The circuit diagram shows two aerial 
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windings, and these are wound on top 
of each other, separated by tape. The 
tuning circuit is a standard superhet 
configuration using a 6BE6 valve as 
the mixer-oscillator (converter). The 
oscillator coil (Hartley type) is mount- 
ed on the circuit board adjacent to the 
6BE6 valve. 

Resistor R1 (22kQ) and capacitor 
C2 (47pF) are mounted on the oscilla- 
tor coil pins rather than on the circuit 
board. Both IF transformers (T1 and 
T2) are shielded in standard-size cans, 
rather than a miniaturised type that 
was available at the time. This also ap- 
plies to the two-gang tuning capacitor, 
which is a traditional full-size type. 

The set uses an intermediate fre- 
quency of 455kHz. The 6BA6 IF am- 
plifier valve is a common type for this 
application. It was released in 1946 
and is described as a remote cut-off 
pentode for RF amplification. Remote 
cut-off refers to the smooth change in 
gain when grid bias is altered by an 
AGC circuit. 

In this radio, pin 5 of the 6AV6 valve 
provides the AGC feed to both the 
6BE6 and 6BA6 grids via R3 (2.2MQ), 
then via the antenna coil for the 6BE6 
or T1 for the 6BA6. 

The 6AV6 dual-diode/triode is an- 
other venerable valve, released in 
1947 and intended for use as an au- 
dio preamplifier. Pin 5 of the 6AV6 (a 
diode) acts as a detector and audio is 
passed to the 6AV6 grid via 1MQ po- 
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tentiometer R4, the volume control. 

Pin 7 of the 6AV6 (the plate) feeds 
into pin 6 of a 7-pin package encap- 
sulating the passive components be- 
tween the audio preamplifier and the 
6AQ5 output pentode. 

The author has not seen such a 
package in other Australian radios 
before the 1960s. Admiral Australia 
was fortunate to be a subsidiary of a 
US parent company at the forefront 
of advances in component fabrication 
(see history box). 

Audio is fed to a 4-inch speaker via 
an output transformer with a primary 
impedance of 16kQ to match the 6AQ5 
pentode. The 6AQ5 is a repackaging 
of the common octal-based 6V6 valve, 
released in 1936. 
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The HT power supply produces 
180V DC. This is the value given on 
the circuit diagram, and I measured my 
radio as producing very close to this. 

Other measured voltages were 
slightly above the values indicated 
on the circuit diagram, probably due 
to using a DMM rather than an analog 
meter, which would have a higher bur- 
den current. 


Physical construction 


All the miniature valves in this ra- 
dio are 7-pin types, so all valves use 
the same base to mount on the circuit 
board. 

The HT filter capacitor mounting ar- 
rangement is simplified by having both 
electrolytics (16F & 8pF) in a single 
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The Admiral 5ACW was one of the earliest radios to use a printed circuit board. 
Note the scorching around the base of the 6X4 rectifier valve. 
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The multi-component inline package (“couplate”; M2), visible above, contains 
a few resistors and capacitors in a 7-pin package. It is shown in the dashed box 
on the circuit diagram between the 6AV6 and 6AQ5 valves. 
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can with connecting pins at the base. 
The phenolic circuit board is of min- 
imal size, so the five valves forma tight 
cluster; hence, they represent a focal 
source of heat as they dissipate most 
of the 27W that this radio consumes 
at 230V AC. A heat-stress crack had 
formed in the case of this radio above 
the circuit board as a result. 
Valve-based circuit boards often 
show scorching of the phenolic ma- 
terial around valve bases. This one 
was slightly stressed around the 6X4 
rectifier base and the adjacent 6AQ5 
output valve. 
The circuit board soldering was 
obviously done by hand, but neatly. 
In the context of the pioneering use 
of circuit boards, the contemporary 
Admiral transistor radio model 8K2 is 
also worthy of mentioning. All other 
Australian transistor radio manufac- 
turers through the 1950s still used 
point-to-point wiring. 


The speaker 


Admiral sourced their speakers 
from AWA who branded their prod- 
ucts as Manufacturers Specialty Prod- 
ucts (MSP), ostensibly to obscure the 
source as a competing radio company. 

The speaker has a round cone, but 
the frame is pressed with wide flanges 
for the mounting screws. The type of 
permanent magnet used here would 
soon disappear as the advantages of 
ferrite magnets became evident. 

Despite the speaker's limitations, 
the radio has excellent sound for a 
compact mantel type. The speaker has 
flying leads terminating in plugs that 






















fit sockets mounted in rubber grom- 
mets through the chassis. 

This arrangement caused me some 
grief, as related later. A smarter loca- 
tion for the speaker sockets would 
have been directly on the circuit board. 


Restoration 


The radio was manufactured with 
a three-core mains cable, but the rub- 
ber insulation had severely perished 
and so I had to replace the cable with 
a new one. 

Otherwise, it passed visual inspec- 
tion, so I powered it up and it worked 
the first time. At least, it did in 2002 
when I acquired it. 

The inspiration for writing about 
this Admiral radio was the chance 
reading ofa history of Admiral in Aus- 
tralia, written by Neville Williams in 
Electronics Australia. After reading 
that, I took the radio from its shelf 
and plugged it in, whereupon a mild 
amount of 50Hz hum was produced, 
accompanied by an acrid aroma of 
catastrophic failure. 

It transpired that the 180V HT lead 
to the speaker transformer had shorted 
to Earth due to a perished rubber grom- 
met in the metal chassis. This over- 
load destroyed the 6X4 rectifier. The 
canned electrolytics had also failed, 
with an ooze of electrolyte-goo pro- 
truding from the base. 
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The restored 5ACW radio, just before reassembly. You can see how mounting the 
majority of the components on a PCB results in a drastically neater chassis than 
a typical radio of the time, where all the passive components would typically 
be mounted on the underside of the chassis and connections made with point- 


to-point wiring. The main disadvantage of this construction method is that 
overheating can be a problem, since components are much closer together. 
Because of this, it seems as if the radio was produced without much thought 


Fixing it was simple enough. I 
plugged in a new 6X4, replaced the 
electrolytics in the can with new ones 
and rewired the flying leads to the 
transformer to eliminate the sockets. 

The post-restoration view of the 
chassis shown here illustrates other 
interesting aspects of the assembly. 

Admiral Australia was a subsidi- 
ary of a US company and they tried to 
compete fairly with other Australian 


given as to how it would last from extended use. 


companies. 

However, their innovations and at- 
tempts to share their expertise did not 
endear them to locals and, paradoxi- 
cally, their success as an Australian 
manufacturer led to their demise. The 
history box offers a summary of the 
rise and fall of Admiral. 

Admiral radios and TVs have not 
become sought after items by collec- 
tors, but they deserve to be. 





Close-up of the clock portion of the radio, which has an alarm and sleep 
function. The clock hands were most likely painted with a mixture of radium, 
zinc sulphide and copper which glows green in the dark. While Radium has a 
half-life of 1600 years, this dial had no glow because the zinc sulphide crystal 
structure that supports phosphorescence had broken down. 
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This summary is condensed from a two- 
part history written by Neville Williams 
and published in Electronics Australia 
(September & October 1994 issues). 
Scans of the two original articles will be 
available as a free download from the 
SILICON CHIP website. Look for items 
listed in the SILICON CHIP Online Shop 
under Electronics Australia. 

Admiral had established an excellent 
range of TVs in the USA and decided to 
make a range of TVs available for the 
launch of Australian TV in 1956, coincid- 
ing with the Melbourne Olympics. 

Competing Australian manufacturers 
started a smear campaign against Admi- 
ral even before they arrived, alleging that 
they would use lethal transformer-less 
sets and that their 21-inch sets would be 
too large for normal comfortable viewing. 
Admiral was already making 29-inch sets 
in the USA at the time! 

This adverse environment did not stop 
Admiral from appointing Eric Fanker, 
previously chief engineer with Tasma, 
as founding Australian General manager. 
Fanker was an excellent choice and 
immediately started building a skilled 


workforce by attracting top staff from. 


other Sydney manufacturers. 

In May 1955, Admiral was set up on 
the mezzanine floor of the old General 
Industries Refrigerator Factory at Water- 
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History: Stromberg Carlson, Admiral and the battle they both lost 


loo, Sydney. A large new factory was sub- 
sequently purpose-built at Bankstown. 

Fred Hawkins moved from Stromberg- 
Carlson and was given the initial as- 
signment of developing a range of radio 
receivers, primarily to give the Admiral 
tradename exposure on the local market 
before TV arrived. 

The range of radios was to include a 
five-valve mantel set, also to be offered 
as a clock radio (ie, the radios featured 
in this article). 

These mantel radios would be in the 
popular Swedish style, new to Australia. 
Fred Hawkins was directed to use printed 
circuit boards with the first batch im- 
ported from the USA. A local supplier, 
thought to be RCS, was to produce the 
circuit boards. 

As far as most people were aware, 
Admiral used the very first circuit boards 
in Australian consumer electronics. RCS 
had been making circuit boards for smart 
munitions during WWII, but that was top 
secret at the time. There was no logical 
reason for Australian manufacturers to 
ignore the advantages of circuit boards; 
they were just reluctant to change es- 
tablished practices. 

At the time, Ducon in Australia could 
not supply Admiral with capacitors that 
were designed for mounting on circuit 
boards. Admiral provided examples 
from the USA and Ducon expanded its 
range of packages to facilitate circuit 
board mounting. 

Admiral’s primary objective was 
to produce state-of-the-art TVs. Eric 
Fanker tried to warn other manufactur- 
ers against launching with obsolescent 
technology, but this advice was ignored 
with considerable hostility. 

The first Admiral TV sets, as illustrated 
by the Ansett TV, had front-mounted 
dual-concentric knobs for channel selec- 
tion/fine tune and volume/contrast. The 
knobs gave Admiral TV sets a distinctive 
‘two-eyed’ appearance. 

It was mandated that the front glass 
had to be safety glass in case of a CRT 
implosion. Because the Admiral design 


e in the Mount Eliza lounge room of aviation 
d (Reg) Ansett. Sir Reginald launched 

be annel 10). The Ansett TV is now held in the 
collection of the Australian Centre for the Moving Image (www.acmi.net.au). 
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was unique, Pilkingtons required alarge 
order to produce them and thousands 
of glass screens were ordered. 

Admiral set out to have a higher 
throughput of TV sets than any other 
Australian manufacturer, and they suc- 
ceeded. 

Others watched on incredulously. 
These were highly reliable sets built 
on circuit boards with excellent picture 
quality. However, they had a low audio 
output of around 1W that others seized 
on to denigrate the brand. 

Admiral had set up a network of retail 
distributors and in the first two years, 
Admiral made healthy profits from their 
TV sales. However, in late 1957, a credit 
squeeze severely reduced the number 
of buyers for TVs. 

Coinciding with this, a glass manu- 
facturer strike meant that Admiral’s 
competitors could not source the safety 
glass they needed for their cabinets. 
This was a seeming windfall for Admiral 
who had large stocks of their cabinet 
glass and they ramped up production 
to compensate for the stoppage forced 
on other manufacturers. 

Eventually, they had a stock backlog 
of 5000 units which were proving dif- 
ficult to move. It was not the bonanza it 
should have been. 

Admiral made a bulk purchase ar- 
rangement with retailer H. G. Palmer 
so that they could retail Admiral TVs at 
a bargain price. 

This did solve the short term problem, 
but the bargain price was close to the 
wholesale cost to the Admiral network of 
dealers, and so these resellers dumped 
the Admiral brand. Admiral could see no 
light at the end of the tunnel. The fac- 
tory site had appreciated considerably, 
so they sold it and thus ended Admiral 
in Australia. 

There is one more sting in the tail of 
Admiral’s closure: not having learned 
from Admiral’s mistake, Stromberg- 
Carlson steppedin as adiscount supplier 
to H. G. Palmer. 

Dealer networks then dumped 
Stromberg-Carlson, just as they had 
dumped Admiral. Stromberg-Carlson 
could not service its debt and was also 
wound up as a result. sc 
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Facility Management - Emergency Plans with AARC- EVAC 


Managing a facility’s emergency plans requires an effec- 
tive response to all potential emergencies. There are many 
different types of emergency situations, including fire or 
explosion, dangerous gas release, medical emergencies, 
natural disasters, bomb threats, threats of violence and 
robbery. 

Most emergency warning systems in the market only 
address fire and in some cases explosive gasses; many only 
sound a siren and flash a warning beacon. 

AARC Systems is the first company to develop an 
emergency warning system that supports the full range of 
emergency situations including Evacuation, Lockdown, 
Duress, First Aid and more. 

AARC-EVAC is a wireless linked emergency alert system. 
It is asmart, simple to use, easy to install audio visual mes- 
sage broadcast system. Messages are totally flexible, tailored 
to suit the customer’s requirements. The system employs 
push button transmitters and a network of wireless linked, 
emergency message broadcast units with battery backup. 

Each facility is free to design an AARC-EVAC alert sys- 
tem utilising the range of functions that best matches the 
identified and assessed risks for that facility. 

For example, not every site needs a Lock Down alert; 
many sites will already have a fire service with a siren, the 
AARC-EVAC system can enhance this with Voice Message 
evacuation instructions (multi-lingual if needed). Have a 
system designed to suit your specific needs! 

The AARC-EVAC technology has been developed in Aus- 


TS SERIES 
THUMBSTICK:, 
A SIMPLE& § 


ROBUST 
MICRO 
JOYSTICK 


Control Devices is the official APEM distributor for 
Australia and NZ and offers APEM’s TS series Thumb- 
stick, a miniature joystick with the recently added LED 
backlighting option. 

It features contactless Hall-effect technology to provide 
long life proportional control. It is similar in size to “game- 
pad” controls and is easy to install. 

With a total current draw no greater than 16mA, the LED 
Thumbstick option is ideally suited for high volume, price 
sensitive applications including UAV and wireless remote- 
control applications 
where visibility is 
low and battery life 
and power consump- 
tions are critical. 

LED colours are 
either red or blue. 










Contact: 
Control Devices 
Unit 17, 69 O'Riordan St Alexandria NSW 2015 


Tel: (02) 9330 1700 
Web: www.controldevices.com.au 
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tralia and the systems are being manufactured in Australia 
by AARC Systems, an Australian company located in Bal- 
larat, Victoria. Based on an assessment of customer needs, 
the developers spent three years on R&D prior to launching 
AARC Systems Holding Pty Ltd and commercialising the 
AARC-EVAC system. Initially, much of the R&D effort was 
centred around the development of the proprietary radio 


network that links 
the system togeth- 
er, which had to be 
extremely reliable 
and robust. 













Contact: 
AARC Systems Pty Ltd 

7 Ring Road, Alfredton, Vic 3350 
Tel: (03) 5334 2865 


Web: www.aaresystems.com.au 





iE CORE 
MODULAR 


RECHARGEABLE BATTERY 


This Aussie-made modular hearing aid gives you a new 
level of control over your hearing health. 

Blamey Saunders Hears is on a mission to make it fast and 
easy to access and afford high-quality, custom-fit hearing aids 
and ongoing support. 

Their latest innovation is Facett, the world’s first recharge- 
able modular hearing aid. It’s user programmable too, with 
the award-winning ‘IHearYou’ app. 

Codesigned with Australian universities and real hearing 
aid users, Facett solves the big issues preventing people from 
using hearing aids: cost, stigma, and usability. 

Visit facett.com.au to find out more. 
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ASK SILICON CHIP 


Got a technical problem? Can’t understand a piece of jargon or some technical principle? Drop us a line 
and we'll answer your question. Send your email to sili ili i 


i Oo 





Arduino IDE GCC 
compiler bug 


When compiling the software for 
the Diode Curve Plotter (March 2019; 
siliconchip.com.au/Article/11447) 
in the Arduino IDE, I get the follow- 
ing error: 


Arduino: 1.8.4 (Windows 10), 
Board: “Arduino/Genuino Mega 
or Mega 2560, ATmega2560 
(Mega 2560)” 

C:\Users\JBA\Documents\schip\ 
Zener_Diode_Tester\Zener_ 
Diode_Tester.ino: In function 
‘findTargetPowerlIndexFloat’: 

Zener_Diode_Tester:884: error: 
unable to find a register to 
spill in class ‘POINTER_REGS’ 


Could you please guide me to a so- 
lution? (J. A., Townsville, Qld) 
@ This is due to a bug in the GCC com- 
piler which is used by the Arduino 
IDE. This bug appears to be intermit- 
tent and is described here: 


https://forum.arduino.cc/index. 


php?topic=510473.0 
You are using Arduino IDE version 


1.8.4 and we used version 1.8.5 for this 
project, so we recommend upgrading 
your IDE version to see if that helps. 
Alternatively, you may be able to up- 
date the compiler by using the Tools — 
Board — Boards Manager menu. Look 
for “Arduino AVR boards” and see if 
you can upgrade this to version 1.6.23. 


Diode curve plotter 


opto voltage ratings 
Regarding the Multi Diode Curve 
Plotter in the March 2019 issue 
(siliconchip.com.au/Article/11447), 
you have specified PC817 optocou- 
plers. I have some similar “LiteOn” 
LTV817 parts which seem much the 
same, but the maximum collector- 
emitter voltage is specified as 35V. 
Since the boost converter in this 
project produces around 100V DC, 
will these optocouplers be OK with 
switching this? (R. S., Emerald, Vic) 
@ They should be fine; even the 
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specified PC817 optocouplers do not 
have a 100V rating. The optocouplers 
are in series with the high-voltage 
supply, so only a portion of it appears 
across them. The software limits the 
voltage across the optocouplers so that 
they are not exposed to the full 100V. 


Diode Curve Plotter 
discrepancy spotted 


I have a couple of questions regard- 
ing the Multi Diode Curve Plotter in 
the March 2019 issue (siliconchip. 
com.au/Article/11447). 

I have received the PCB I ordered 
from your Online Shop and noticed 
that three resistors just to the left of 
D1 are all shown as 10kQ in Fig.2 on 
page 67 but the PCB silkscreen, cir- 
cuit diagram and parts list all show 
the middle resistor as 1kQ. I assume 
that Fig.2 is in error. 

The photo of the populated PCB 
shows a nice neat 1pF capacitor. 
Where did you get such a small and 
compact polyester capacitor? All the 
1pF 250V caps from the usual sup- 
pliers have a lead pitch of 20-25mm. 
The only small electro I could find in 
1pF, 450V is RS Cat 365-4795. (P. C., 
Woodcroft, SA) 

@ You are correct, the 1kQ resistor 
just to the left of and slightly above 
D1 has been wrongly marked as 10kQ 
on Fig.2. We will publish an erratum. 

The 1F capacitor seen in the pho- 
to is a 1pF 100V unit from Jaycar 
(RM7170), which was used for proto- 
type testing. It was fine running right at 
its voltage rating; however, we thought 
it safer to specify a 250V-rated capaci- 
tor for the final version to give a bit of 
headroom, as the boost converter out- 
put can exceed 100V. 


Which transformer to 


use for Magnetometer 

I want to build the Incredibly Sen- 
sitive Magnetometer project you pub- 
lished in your December 2018 issue 


(siliconchip.com.au/Article/11331). 
But the article doesn’t specify the 
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part number of the transformers used 
as the sensing coils, and I am having 
difficulty finding one with the speci- 
fied secondary ratings of 12V, 10A. Do 
you know where I can get one? (anon, 
via telephone) 

@ Pretty much any non-toroidal trans- 
former with a 12V, 10A secondary 
(or similar rating) should be accept- 
able. For example, RS Cat 504-127 
(siliconchip.com.au/link/aapt). 

Alternatively, Tortech (www. 
tortech.com.au/store/) sell 12V trans- 
formers with a 150VA rating for $64 
including GST. 

Both of these transformers above 
have dual secondary windings, while 
the transformers used in the prototype 
Magnetometer had a single winding. 
For transformers with dual secondary 
windings, connect them in parallel. It 
should work with them connected in 
series too, but the circuit would then 
behave differently, and this has not 
been tested. 

The prototype transformers were 
old stock of a lighting company, not 
advertised on the internet; hence we 
did not give specific part numbers. 
The exact VA rating is not critical. For 
example, 12V 15VA transformers are 
suitable for detecting, through a tab- 
letop, that someone has moved one’s 
keys or mobile phone. 


Sourcing Clipsal plates 


for Dimmer project 


Could you please advise where you 

obtained the Clipsal 2000 series blank 
plate and cover for the Versatile Trail- 
ing Edge Dimmer project (February 
& March 2019; siliconchip.com.au/ 
Series/332). I can’t find a local source 
for them. (J. A., Townsville, Qld) 
@ You need to order these from an 
electrical wholesaler, one that sells to 
electrical contractors including light- 
ing, cabling, power points and the 
like. They don’t usually have stock of 
the specific Clipsal parts required, but 
these can be ordered. 

John Clarke purchased the ones used 
in the prototype from Lawrence and 
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Hanson, although many other suppli- 
ers can order the Clipsal parts, eg, John 
R. Turk. Look up “electrical wholesaler 
near me” online. 


Converting LPs to MP3s 


I would like to copy my LPs to a 
USB memory stick to listen to in my 
car. Can I connect my turntable to an 
analog-to-digital converter board fed 
into a USB socket to achieve this? Is 
an intermediate amplifier needed, be- 
tween the turntable and the analog in- 
put? Could an Arduino Mega be used? 
(M. P., Croydon, Vic) 

@ You need an RIAA preamplifier to 
boost the low-level signal from the 
magnetic cartridge on the turntable up 
to line level, and also to provide the 
correct equalisation. Otherwise, the 
result will sound wrong. You can then 
feed the output of the RIAA pream- 
plifier into a computer for recording. 

We published an article on how to 
do this in the September 2006 issue, 
called “Transferring Your LPs to CDs 
& MP3s” — see siliconchip.com.au/ 
Article/2769 

Our latest RIAA preamplifier design 
was published in the August 2006 is- 
sue. The article was titled “Build A 
Magnetic Cartridge Preamplifier” 
(siliconchip.com.au/Article/2740) 
and a kit for that project is still avail- 
able from Altronics (Cat K5513). We 
also sell the PCB for that project in 


our Online Shop (siliconchip.com.au/ 
Shop/8/860). 

Once you have a suitable RIAA 
preamplifier connected between the 
output of your record player and au- 
dio input on your computer, you can 
use free software such as Audacity 
(www.audacityteam.org/download/) 
to record the audio. 

To save the result in MP3 format, 
you also need an encoder called 
LAME, which interfaces with Au- 
dacity and can be downloaded from: 


https://sourceforge.net/projects/lame/ 


Trouble getting banana 
plug sockets 


I notice that the PCB-mounting ba- 
nana sockets used in the Wide-range 
Digital LC Meter project (June 2018; 
siliconchip.com.au/Article/11099) — 
specified as Altronics Cat P9200 & 
P9201 — are no longer listed on the 
Altronics website or in their latest 
catalog. 

Can element14 Cat 1698982 be used 

instead? I’d welcome other alterna- 
tives. (S. E., Scullin, ACT) 
@ It is unfortunate that these parts 
have been discontinued not long af- 
ter we’ve used them in a few differ- 
ent projects. 

The dimensions of the part that ele- 
ment14 sells look similar to the ones 
we used but not identical (for example 
the pins are 1.3mm vs 1.2mm wide), 





but we think they will probably fit on 
the PCB and do the job, even if they 
are not a perfect match. 

Another reader pointed out these 
sockets from eBay; again it is hard to 
be certain that they are an exact match, 
but they will probably be close enough: 
www.ebay.com.au/itm//152700921462 

We will try to find a source of these 
parts so we can sell them in our On- 
line Shop, to make it easier for read- 
ers to build this project. 


Different relay versions 


causing problems 

Ijust built the Wide-range Digital LC 
Meter (June 2018; siliconchip.com.au/ 
Article/11099). The build was straight 
forward, and when I powered it up, I 
was greeted with the initial screen dis- 
playing the values of L and C. I could 
connect to it using my laptop and ad- 
just the parameters. 

I tried measuring a 10pF capacitor 
but the test frequency only read 0Hz 
or 10Hz. I used my DMM to check for 
driving signal for the relays on the Ar- 
duino digital outputs at D6 to D9, but 
I only read just over 1V; not enough 
to trigger the relays. 

I decided to de-solder one relay 
and the reading on that driving pin 
was then 5V. I concluded something 
was wrong, so I desoldered the three 
other relays, and discovered they 
would only switch on ifthe power was 


Currentjrating/ofi2V/Motion-Sensing|Powerjswitch 


As the owner ofa vehicle with the 
unswitched auxiliary power outlet 
‘feature’, I’d like to say what a pleas- 
ant surprise the Motion-Sensing 12V 
Power Switch project was in the Feb- 
ruary 2019 issue (siliconchip.com. 
au/Article/11410). I have already or- 
dered a short form kit of parts. 

Ihad been contemplating building 
an automatic switch myself and had 
gone through similar thought pro- 
cesses as Nicholas Vinen but had not 
turned it into reality. What modern 
manufacturers are thinking when 
designing car electrical systems is 
sometimes a mystery. 

In addition to the unswitched 
power outlets, my vehicle’s exte- 
rior sidelights come on whenever 
a door is opened; it does not matter 
if the light switch is on or off. I’ve 
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lost count of the number of helpful 
bystanders who point out I have my 
lights on when loading the car at the 
supermarket. I then have to explain 
that this a feature of the car and not 
me being forgetful. 

One thing not covered in the arti- 

cle is the maximum current allowed 
through the circuit. I plan to connect 
a dashcam, navigation device and 
transceiver with a current draw of 
12A on transmit for say a total of 15A 
maximum. The IRF4905 appears to 
be rated at 50A, providing the wir- 
ing can take the load, should it be 
OK? Keep up the great work. (N. D., 
Ocean Beach, WA) 
@ Thanks for the feedback. Some- 
times manufacturers do not think 
through the ramifications of doing 
things in an unusual way. 
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Practically speaking, the device 
as presented should be good for 
around 5-7A. While the IRF4905 is 
rated higher than that, it would need 
heatsinking. Even at 7A, the TO-220 
package would get pretty hot. The 
SMD version should not be used in 
situations where the current draw 
would exceed 5A. 

There are alternative Mosfets 
which could handle up to 15A with- 
out heatsinking. You would need 
one with an on-resistance of 4mQ or 
less. For example, these should all be 
suitable: AOT240L, CSD18511KCS, 
IRFB7437PBF, IRFB7446PBF. 

As you say, the wiring would need 
to handle this current to, as well as 
the plug and its integrated fuse (and 
make sure to solder those wires close 
to the Mosfet leads). 
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I am having trouble with tran- 
sistors Q1-Q4 in the DAB+/FM/ 
AM Radio (January-March 2019; 
siliconchip.com.au/Series/330) 
overheating. I replaced the transis- 
tors with new ones and have thor- 
oughly checked the circuit against 
the schematic, and everything 
checks out. I can find no short cir- 
cuits. But they’re still overheating. 

They get too hot to touch shortly 
after switch-on, and both the -5V and 
+5V rails are pulled down as a result. 
With the transistors removed, the 
rest of the board seems OK and the 
voltage rails remain stable. Any idea 
as to where to look next would be 
appreciated. (D. E., Wattle Park, SA) 
® We had problems with these same 





applied with the opposite polarity to 
how they were wired on the PCB. So, I 
then cut their coil leads and used two 
wires to swap them and solder them 
back on the PCB. 

After reapplying power, the four 
relays were triggered correctly and I 
could hear the (discreet) click. So the 
internal flyback diode wiring was the 
opposite of the specified relays. The 
unit then gave accurate readings with 
various test capacitors and inductors. 

One thing I noticed is while I can 

specify the value of Cp and Lp from the 
terminal, I cannot enter a value for R. 
No matter if I chose a unit or not, no 
value will be written in the Arduino 
memory. I tried changing the default 
value in the code (line 656 onwards), 
but it always displays 130Q on the LCD 
upon startup. Any idea why? Thanks 
and keep up the good work! (O. A., 
Singapore) 
@ None of the relays that we tested for 
the LC Meter had internal diodes, so 
we did not suffer these problems. We 
checked the data sheet for the relays 
we used (TRR1A05D00) and it does 
not show any diode or polarity mark- 
ing on the coil. 

We tested the calibration menu just 
now and we were able to change the R 
value by typing either “140” or “140R” 
(and “S” afterwards to save). The new 
value is loaded from EEPROM when 
we reset the unit. 

The default value for R1 is also set 
on line 49 of the sketch; this sets it toa 
sensible default in case the EEPROM is 
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DAB+/EM/AM)Radiojaudio}transistorsjoverheating 


transistors overheating in our second 
prototype and it turned out to be a 
bad solder joint in one of the feed- 
back resistors near op amp [C5 (from 
memory, one of the 2.2kQ resistors). 
That was causing the op amp’s out- 
put to swing wildly from rail to rail 
and thus causing the transistors to 
overheat. Resoldering that resistor 
fixed it. 

But that was just one pair of the 
transistors as only one channel was 
affected by this fault. It sounds like 
the transistors in both channels are 
overheating on your board. 

Try (quickly) measuring the volt- 
age across D1 & D2. You should get 
a reading around 1.2V in both cas- 
es. If one or both are much higher, 


empty. We suggest that you try chang- 
ing the values at line 49 and line 656 
and wipe the EEPROM to be sure any 
remnants are gone. 


Battery charger inrush 


current limiting 


I am having troubles with my bat- 
tery charger, and it occurs to me that 
you could create a small project which 
could be of use to me, as well as ap- 
pealing to others. 

I have a solar system with battery 
backup and use a mains-powered bat- 
tery charger as a further backup. As my 
mains voltage tends to sit around 253V 
AC, the charger often blows fuses or 
breaks down when switched on, due 
to the high surges involved. What I 
need is a slow start device, which will 
cope with a 10A load current, and the 
surges involved. 

Possibly this could be a variation 
of your latest mains motor speed con- 
troller, built in a small box with flying 
leads and incorporating a microcon- 
troller and Triac. The timing could be 
controlled by a jumper, with a range 
from a few seconds (large motors) 
through a minute (my charger) to sev- 
eral minutes (large valve amplifier). (D. 
T., Yallourn, Vic) 

@ Switch-on surges usually only last a 
few mains cycles unless the device has 
a big motor in it that takes time to spin 
up. And even then, the worst is usual- 
ly over within a second or so. Did you 
consider building our Soft Starter for 
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they could be over-biasing the tran- 
sistors. 

Try removing the two 2.2kQ resis- 
tors at either end of D1 & D2. Ifthose 
transistors still overheat then there is 
something wrong with the devices; 
either they are in the wrong locations 
or are the wrong types. 

If that does stop the overheating, 
then try fitting a higher value resistor 
pair to one diode, eg, 10kQ or even 
22kQ. Perhaps your BAV99s have 
an unusually high forward voltage, 
or your BC807/BC817s have unusu- 
ally low Vopr: 

That would result in a much high- 
er quiescent current than in our pro- 
totypes and could result in what you 
have described happening. 


Power Tools? (July 2012; siliconchip. 
com.au/Article/601) 

It’s load-sensing so is suitable for 
devices which have their own pow- 
er switch or where they switch on 
automatically. For basic soft starting 
where you're switching on a device at 
the wall, the simpler April 2012 Soft 
Starter is suitable (siliconchip.com. 
au/Article/705). 

You might also want to look at 
our March 2011 Mains Moderator 
(siliconchip.com.au/Article/937), a 
low-cost unit to reduce high mains 
voltages for devices that draw up to 
450W, although it can be built to han- 
dle more power. 


Automotive Sensor 


Modifier questions 


I am thinking of building the SILI- 

CON CHIP Automotive Sensor Modifi- 
er. Can you supply the PCB and if so, 
does it come with the components? If 
not, where do I buy those components 
from? Also, can the Sensor Modifier 
convert a sensor voltage from 1.2-4.5V 
to 0.5-4.5V? (S. W., via email) 
@ For this project, we sell the PCB (Cat 
SC4068) and programmed PIC micro- 
controller (CAT SC4069). You can get 
the other parts from suppliers such as 
Jaycar, Altronics etc. 

If you do not have the parts list and 
instructions, you will find these in 
the magazine article. You can buy the 
printed magazine from siliconchip. 
com.au/Shop/2/4077 or access to the 
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SILIGON 
CRIEPS..... v:s00y 


PCBs and other hard-to-get components now available direct from the Siicon Cuip Online Shop 


NOTE: Not all PCBs are shown here due to space limits but the SILICON CHIP ONLINE SHOP has various boards going back to 1992. 
For a complete list of available PCBs, back issues etc, go to siliconchip.com.au/shop PRICES ARE PCBS ONLY. 









LiFePO4 UPS CONTROL SHIELD JUNE 2018 11106181 $5.00 DAB+/FM/AM RADIO JAN 2019 06112181 $15.00 
RASPBERRY PI TOUCHSCREEN ADAPTOR (TIDE CLOCK) JULY 2018 24108181 $5.00 TOUCH & IR REMOTE CONTROL DIMMER MAIN PCB FEB 2019 10111191 $10.00 
RECURRING EVENT REMINDER JULY 2018 19107181 $5.00 REMOTE CONTROL DIMMER MOUNTING PLATE FEB 2019 10111192 $10.00 
BRAINWAVE MONITOR (EEG) AUG 2018 25107181 $10.00 REMOTE CONTROL DIMMER EXTENSION PCB FEB 2019 10111193 $10.00 
SUPER DIGITAL SOUND EFFECTS AUG 2018 01107181 $2.50 MOTION SENSING SWITCH (SMD) PCB FEB 2019 05102191 $2.50 
DOOR ALARM AUG 2018 03107181 $5.00 USB MOUSE AND KEYBOARD ADAPTOR PCB FEB 2019 24311181 $5.00 
STEAM WHISTLE / DIESEL HORN SEPT 2018 09106181 $5.00 REMOTE-CONTROLLED PREAMP WITH TONE CONTROL MAR 2019 01111119 $25.00 
DCC PROGRAMMER OCT 2018 09107181 $5.00 PREAMP INPUT SELECTOR BOARD MAR 2019 01111112 $15.00 
DCC PROGRAMMER (INCLUDING HEADERS) OCT 2018 09107181 $7.50 PREAMP PUSHBUTTON BOARD MAR 2019 01111113 $5.00 
OPTO-ISOLATED RELAY (WITH EXTENSION BOARDS) OCT 2018 10107181/2 $7.50 DIODE CURVE PLOTTER MAR 2019 04112181 $7.50 
GPS-SYNCHED FREQUENCY REFERENCE NOV 2018 04107181 $7.50 FLIP-DOT COIL APR 2019 19111181 $5.00 
LED CHRISTMAS TREE NOV 2018 16107181 $5.00 FLIP-DOT PIXEL (INCLUDES 16 PIXELS) APR 2019 19111182 $5.00 
DIGITAL INTERFACE MODULE NOV 2018 16107182 $2.50 FLIP-DOT FRAME (INCLUDES 8 FRAMES) APR 2019 19111183 $5.00 
TINNITUS/INSOMNIA KILLER (JAYCAR VERSION) NOV 2018 01110181 $5.00 FLIP-DOT DRIVER APR 2019 19111184 $5.00 
TINNITUS/INSOMNIA KILLER (ALTRONICS VERSION) NOV 2018 01110182 $5.00 FLIP-DOT (SET OF ALL FOUR PCBS) APR 2019 $C4950 —«$17.50 
HIGH-SENSITIVITY MAGNETOMETER DEC 2018 04101011 $12.50 iCESTICK VGA ADAPTOR APR 2019 02103191 $2.50 
USELESS BOX DEC 2018 08111181 $7.50 NEW-THIS-MONTH 

FOUR-CHANNEL DC FAN & PUMP CONTROLLER DEC 2018 05108181 $5.00 HF DATA REPEATER 

ATtiny816 DEVELOPMENT/BREAKOUT BOARD JAN 2019 24110181 $5.00 M 

ISOLATED SERIAL LINK JAN 2019 24107181 $5.00 C OR A MAY 2019 


Prices above are for the Printed Circuit Board ONLY - NO COMPONENTS OR INSTRUCTIONS ETC ARE INCLUDED! P&P for PCBS (within Australia): $10 per order (ie, any number) 


PRE-PROGRAMMED MICROS Price for any of these micros is just $10.00-20.00 each + $10 p&p per order# 


As aservice to readers, Siicow Cup OwLiveSuop stocks microcontrollers and microprocessors used in new projects (from 2012 on) and 














some selected older projects - pre-programmed and ready to fly! Some micros from copyrighted and/or contributed projects may not be available. 
$10 MICROS $15 MICROS 

ATtiny816 ATtiny816 Development/Breakout Board (Jan19) PIC16F1459-1/SO Four-Channel DC Fan & Pump Controller (Dec18) 

PIC12F617-1/P Temperature Switch Mk2 (June18), Recurring Event Reminder (Jul18) PIC16F84A-201/P Programmable Ignition Timing Module (Jun99), Fuel Mixture Display (Sept00) 
Door Alarm (Aug18), Steam Whistle (Sept18) Oscar Naughts And Crosses (Oct07), UV Lightbox Timer (Nov07) 
White Noise / Insomnia Killer (Sept18 / Nov18), Remote Control Dimmer (Feb19) PIC32MM0256GPM028-I/SS Super Digital Sound Effects (Aug18) 

PIC12F675-1/P IR-to-UHF Converter (Jul13), UHF-to-IR Converter (Jult3) ; PIC32MX170F256B-501/SP Micromite Mk2 (Jan15) + 47uF, Low Frequency Distortion Analyser (Apr15) 
PC Birdies *2 chips — $15 pair* (Aug13), Driveway Monitor Receiver (July15) Micromite LCD BackPack [either version] (Feb16), GPS Boat Computer (Apr16) 
Hotel Safe Alarm (Jun16), 50A Battery Charger Controller (Nov16) Micromite Super Clock (Jul16), Touchscreen Voltage/Current Ref (Oct-Dec16) 
Kelvin the Cricket (Oct17), Triac-based Mains Motor Speed Controller (Mar18) Micromite LCD BackPack V2 (May17), Deluxe eFuse (Aug17) 
Heater Controller (Apr18), Useless Box IC3 (Dec18) Micromite DDS for IF Alignment (Septt7), Tariff Clock (Jul18) 

PIC12F675-E/P Courtesy LED Light Delay for Cars (Oct14), Fan Speed Controller (Jan18) GPS-Synched Frequency Reference (Nov18) 

PIC16F1455-1/P Microbridge (May17), USB Flexitimer (June18), Digital Interface Module (Nov18) PIC32MX270F256B-501/SP ASCII Video Terminal (Jul14), USB Mouse & Keyboard Adaptor (Feb19) 

PIC16F88-E/P Hi Energy Ignition (Nov/Dec12), Speedo Corrector (Sept13) PIC32MX795F512H-801/PT Maximite (Mar11), miniMaximite (Nov11), Colour Maximite (Sept/Oct12) 
Auto Headlight Controller (Oct13), 10A 230V Motor Speed Controller (Feb14) Touchscreen Audio Recorder (Jun/Jul 14) 
Automotive Sensor Modifier (Dect6) dsPIC33FJ64MC802-E/SP Induction Motor Speed Controller (revised) (Aug13) 


PIC16F88-I/P Driveway Monitor Transmitter (July15), Fingerprint Scanner (Nov15) 


ene : $20 MICROS 
MPPT Lighting Charge Controller (Feb16), 50/60Hz Turntable Driver (May16) r ; 
Cyclic Pump Timer (Sep 16), BV 40A DC Motor Speed Controller (Jan‘7) PIC32MX470F512H-I/PT — Stereo Audio Delay/DSP (Nov13), Stereo Echo/Reverb (Feb 14) 


Pool Lap Counter (Mar17), Rapidbrake (Jul17), Deluxe Frequency Switch (May18)  PIC32MX470F512H-120/PT Micromite PLUS Explore 64 (Aug 16), Micromite Plus LCD BackPack (Nov16) 
Useless Box IC1 (Dec18), Remote-controlled Preamp with Tone Control (Mar19) PIC32MX470F512L-120/PT Micromite PLUS Explore 100 (Sep-Oct16) 
UHF Repeater (May19) dsPIC33FJ128GP802-I/SP SportSync (May11), Digital Audio Delay (Dec11) 

PIC16LF88-1/P Garbage Reminder (Jan13), Bellbird (Dec13), GPS Analog Clock Driver (Feb17) Quizzical (Oct11), Ultra-LD Preamp (Nov11), LED Musicolor (Nov12) 


When ordering, be sure to nominate BOTH the micro required AND the project for which it must be programmed. 


SPECIALISED COMPONENTS P&P: FLAT RATE $10.00 PER ORDER# 




















VARIOUS MODULES & PARTS DAB+/FM/AM RADIO (JAN 19) 
23LCV1024-1/P SRAM (DIP) and MCP73831T charger ICs (UHF Repeater, MAY19) $11.50 - main PCB with IC1 pre-soldered $60.00 
MCP1700 3.3V LDO regulator eae for USB Mouse & Keyboard Adapator, FEB19) $1.50 - main PCB with IC1 and surrounding components (in box at top right) pre-soldered $90.00 
LM4865MX amplifier IC & LF50CV regulator (Tinnitus/Insomnia Killer, NOV18) $10.00 - Explore 100 kit (Cat SC3834; no LCD included) $69.90 
2.8-inch touchscreen LCD module with SD card socket (Tide Clock, JUL18) $22.50 - laser-cut clear acrylic case pieces $20.0! 
ESP-01 WiFi Module (El Cheapo Modules, Part 15, Sein $5.00 - set of extra SMD parts (contains most SMD parts except for the digital audio ae $30.00 
MC1496P double-balanced mixer IC (DIP-14) (AM Radio Transmitter, MAR18) $2.50 - extendable VHF whip antenna with SMA connector: 700mm ($15.00) and 465mm ($10.00) 

WiFi Antennas with U.FL/IPX connectors (Water Tank Level Meter with WiFi, FEB18): - PCB-mounting SMA ($2.50), PAL ($5.00) and dual-horizontal RCA ($2.50) socket 


5dBi- $12.50 ~ 2dBi idirectional) — $10.00 
HEE IMO toe Aer ch cours andl aimenina (c\Cheapo 12, Jan) $5.00 -—-CGPS-SYNCHED FREQUENCY REFERENCE SMD PARTS (CAT SC4762) (nov 16) 












wees pi ae he Wt Tank Cevel Meter ( ae : pein Includes PCB and all SMD parts required $80.00 
ingSpeak data logger - $10.00 ~ WiFi Tank Level Meter (ext. antenna socket) — $15. 
Geeetech Arduino MP3 shield (Arduino Music Player/Recorder, VS1053, JUL17) $20.00 re bierat SOUBR Bails ll hyena EO Baicaeieairs ae $40.00 
a ea ee SD Ce ee pate JUN): Meter, JUN18) $2.50 and all onboard parts (including option ) but no ard, attery ho! A 
ie CO Oe MOAT C SE Be enDo MOOT eer ata : USB PORT PROTECTOR COMPLETE KIT (CAT SC4574) (MAY 18) 

8x8 red SMD/DIP matrix display — $5.00 ~ red 8-digit 7-segment display — $7.50 ; fj Ff 
AD9833 DDS module ie gain control) (or Micromite DDS, APR17) $25.00 All parts including the PCB and a length of clear heatshrink tubing $15.00 
AD9833 DDS module (no gain control) (El Cheapo Modules, Part 6, APR17) $15.00 PARTS FOR THE 6GHz+ TOUCHSCREEN FREQUENCY COUNTER (OCT 17) 
CP2102 USB-UART bridge $5.00 Explore 100 kit (Cat $C3834: no LCD included) 69.9 


microSD card adaptor (El Cheapo Modules, Part 3, JAN17) $2.50 2 iA - i 415.00/pk. 
DS3231 real-time clock with mounting spacers and screws (El Cheapo, Part 1, OCT16) $5.00 Se ONY sae Pe ene ection worsen!) =e 






MICROBRIDGE COMPLETE KIT (CAT SC4264) (MAY 17) 
TOUCH & IR REMOTE CONTROL DIMMER (FEB 19) q ; H j i 
N-channel Mosfets Q1 & Q2 (SIHB15N60E) and two 4.7MQ 3.5kV resistors $20.00 PCB plus all on-board parts including programmed microcontroller (SMD ceramics for 10uF) $20.00 
IRD1 (TSOP4136) and fresnel lens (IMLO688) $10.00 reece LCD ela aa ve eon KIT Salt an tate 17) 
: includes PCB, programmed micro, touchscreen LCD, laser-cu id, mounting hardware, 
MOTION SENSING SWITCH (SMD VERSION) p (FEB 19) SMD Mosfets for PWM backlight control and all other on-board parts : $70.00 
Short form kit (includes PCB and all parts, except for the extension cable) $10.00 
SW-18010P vibration sensor (S1) $1.00 $C200 AMPLIFIER MODULE (CAT SC4140) (JAN 17) 
hard-to-get parts: Q8-Q16, D2-D4, 150pF/250V capacitor and five SMD resistors $35.00 





Allitems subect to availability. Prices valid for month of magazine issue only. All prices in Australian dollars and included GST where applicable. # P&P prices are within Australia. 0’seas? Place an order via our website for a quote. 


siliconchip.com.au/Shop Use your PayPal account silicon@siliconchip.com.au Your order to PO Box 139 Call (02) 9939 3295 with 
silicon@siliconchip.com.au with order & credit card details Collaroy NSW 2097 with order & credit card details 
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I built the GPS-synced Frequency 
Reference (October-November 2018; 
siliconchip.com.au/Series/326), but 
it isn’t working properly. I have been 
trying to fix it for a few weeks. All in- 
dicators in the Status screen are fine 
but the output frequencies are way 
off the mark. I’m checking them on 
my HP 5335A counter which uses 
an external GPS-locked 10MHz ref- 
erence. 

After the unit has been run- 
ning with a GPS signal for over 
24 hours, the 10MHz output reads 
10,000,064.89Hz and the VCO Trim 





online version from siliconchip.com. 
au/Shop/12/4078 

Yes, the Sensor Modifier can change 
the sensor voltage range up or down 
according to the map of input versus 
output that is entered. So it can shift a 
1.2V input signal down to a 0.5V at its 
output while leaving a 4.5V level sig- 
nal unchanged. The main restriction is 
that both the input and output signal 
ranges must be between OV and 5V. 


Motor speed controller 


with external pot 


Trecently built your June 1997 High- 
Current Speed Controller for 12/24V 
Motors from a Jaycar kit (Cat KC5225). 
I’m using it to control a car wiper mo- 
tor that rotates my telescope dome. The 
kit worked fine right off, so thank you 
for a good design and article. 

Is it possible to replace the trimpot 
on the board with an off-board 5kQ 
potentiometer? I want to be able to 
make occasional changes to the rota- 
tion speed once the board is housed. 
If so, would I be correct in assuming 
that it should be a linear pot? Thanks 
for a great mag! (N. F., via email) 

@ Yes, you can use an external po- 
tentiometer and the resistance law re- 
quired is linear. 


Multi-spark CDI 


transistor failure 


Thanks for the fantastic series of 
automotive electronics projects! I’m 
driving a 1989 Mazda B2000 ute with 
points ignition and carburettor which 
makes it slow to warm up, and it can 
run a bit rich. 
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GPS}Frequency/Referencejnoticalibrating|properly, 


C setting is at 0. Gain is at 1000 and 
Update is 3600. It seems I need to be 
able to enter a negative figure for the 
C value to force the 40MHz oscilla- 
tor to run at the correct frequency, 
but there is no way to enter a nega- 
tive value. 

I am wondering if the TKEAAC- 
SANF oscillator is faulty. Are you 
able to supply a replacement? Do 
you have any ideas as to what the 
problem could be? (M. T., Balgal 
Beach, Qld) 

@ The VCO Trim C Value cannot 
be a negative number. Zero is the 


So I built the Multi-spark CDI unit 
from the December 2014 and Janu- 
ary 2015 issues (siliconchip.com.au/ 
Series/279). It bench tested fine, the 
engine started straight away andI then 
happily drove the vehicle for about 
two months. After driving up a large 
hill, the CDI unit completely failed. Q1 
and Q2 had blown to pieces. 

Iam about to rebuild it but I would 
like to know why it failed. One clue 
is that before it failed, the vehicle bat- 
tery became discharged twice. I had to 
remove it from the ute and recharge 
it. I figured the battery was old and 
needed replacing, but I didn’t. Perhaps 
the CDI discharged it. I’m guessing the 
CDI low-voltage cut-out feature oper- 
ated, switching the unit off once the 
battery was flat. 

So perhaps the CDI unit was draw- 
ing too much current from the bat- 
tery? I am suspicious of the internal 
dead time comparator setting for Q1 
and Q2. Could they have been short- 
ing the 12V supply when switching? 
When I rebuild the circuit, I will check 
this with an oscilloscope. 

Secondly, I came across a letter in 
the June 2015 issue about a CDI failure 
due to a short circuit between turns on 
the transformer secondary. This would 
cause the circuit to struggle to reach 
300V; thus, the pulse width driving Q1 
and Q2 would increase. Perhaps this 
could lead to overheating? 

When I get the unit running again, 
what should I expect its current draw 
to be? Icould temporarily connect the 
ballast resistor back in series with the 
12V supply and measure the voltage 
across it. 

Regarding the coil, with the new CDI 
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lowest it will go. It sounds like ei- 
ther the TXEAACSANF oscillator 
is faulty, as you suggest, or its trim 
input is not being driven by the 
DAC properly. 

With a C Value of 0, you should 
be able to measure close to OV at the 
output of the DAC (pin 6 of IC3). 
This should ramp up to 2.5V witha 
C Value of 16,000,000. 

If this is not what you are see- 
ing, there may be a problem with 
DAC IC1, op amp IC3 or one of the 
signal lines between the Micromite 
and IC1. 

















unit installed, I kept using the same coil 
that was used with the ballasted points 
system. It has a primary resistance of 
about 1.6Q. I noticed that in the first 
article, the Bosch GT40 coil is men- 
tioned. These are designed for use in 
ignitions without a ballast resistor and 
have a primary resistance of about 3.6Q. 
So by using the lower impedance 
coil, could I have been over-driving 
the poor CDI unit until Q1 and Q2 
fried themselves? That might explain 
why the unit worked for a while be- 
fore failing (although I reckon it should 
have worked better than it did). (B. N., 
Dunedin, NZ) 
@ The complete failure of Q1 and Q2 
suggests that the unit overheated until 
meltdown. Possibly itis a shorted turn 
in the transformer, as you suggest. Or 
as you Say, it could be that the drive to 
the Mosfets does not have the correct 
dead time. Check the gate drives to the 
Mosfets to make sure these are correct 
before re-connecting transformer T1. 
It should not matter what ignition 
coil is used, whether it is a ballasted 
points type or the Bosch GT40. The 
Multi-spark CDI should draw no more 
than 1A at low engine revs. 


Muting radio during 


comms activity 


Ihave a boat with two radio systems, 
entertainment and marine VHF. I want 
to use Bluetooth to connect them to a 
pair of headphones for me to monitor 
while at the helm, particularly when 
I am alone. The Bluetooth bit is OK 
and I am considering using your June 
2015 Champion preamp. 

Continued on page 112 
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FOR SALE 








iu — Australia’s best 
value for supported hobbyist electron- 
ics from Adafruit, SparkFun, Arduino, 
Freetronics, Raspberry Pi — along with 
kits, components and much more — with 
same-day shipping. 





LEDs, BRAND NAME and generic 
LEDs. Heatsinks, fans, LED drivers, 
power supplies, LED ribbon, kits, com- 
ponents, hardware, EL wire. 


{ 





PCB PRODUCTION 





PCB MANUFACTURE: single to multi- 
layer. Bare board tested. One-offs to 
any quantity. 48 hour service. Artwork 
design. Excellent prices. Check out our 
specials: ww lectronics.com.au 









NEED A NEW PCB DESIGNED? 

Or need to update an old board? We 
Jo PCB layouts from circuits, drawings, 
ohotocopies or sample boards. Contact 
Steve at sgobrien nail.com or 
ohone 0401 157 285. Get a new PCB 
and keep production going! 


KIT ASSEMBLY & REPAIR 





KEITH RIPPON KIT ASSEMBLY & 
REPAIR: 

* Australia & New Zealand; 

* Small production runs. 

Phone Keith: 0409 662 794 





DAVE THOMPSON (the Serviceman 
from SILICON CHIP) is available to help 
you with kit assembly, project trou- 
bleshooting, general electronics and 
custom design work. No job too small. 
Based in Christchurch, NZ but service 
available Australia/NZ wide. 

Email dave@da mpso 





fetnompson.co.n 








VINTAGE RADIO REPAIRS: electrical 
mechanical fitter with 36 years ex- 
perience and extensive knowledge of 
valve and transistor radios. Professional 
and reliable repairs. All workmanship 
guaranteed. 

$17 inspection fee plus charges for parts 
and labour as required. Labour fees $38 
p/h. Pensioner discounts available on 
application. 

Contact Alan, VK2FALW on 0425 122 


shack@ gmail. 


415 or email bigalradios 


WANTED 





Speaker enthusiast needs a copy of a 
book once sold by Jaycar entitled “High 
Power Loud Speaker Enclosure Design 
& construction”. It had a catalogue num- 
ber BC1166. 


Will pay $50 (including postage) to the 
first person who has a pristine copy, i.e., 
little use but slight dog ears ok. 


Contact Melanie (on behalf of inquirer 
on 02 8832 3100) 





MISCELLANEOUS 





ASSORTED BOOKS FOR $5 EACH 
Selling assorted books on electronics 
and other related subjects like audio, 
video, programming etc. The books are 
relatively old in most cases and vary in 
condition. 
You'll need to come in person to see 
what books we have and what we're 
willing to sell: 

SILICON CHIP 

1/234 Harbord Road (up the ramp) 

Brookvale NSW 2100 

(02) 9939 3295 
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| ADVERTISING IN MARKET CENTRE 


| Classified Ad Rates: $32.00 for up to 20 words (punctuation not charged) plus $1.20 for each additional word. Display ads in 
| Market Centre (minimum 2cm deep, maximum 10cm deep): $82.50 per column centimetre per insertion. All prices include GST. 
! Closing date: 5 weeks prior to month of sale. To book, email the text to silicon @siliconchip.com.au and include your name, 





address & credit card details, or phone Glyn (02) 9939 3295 or 0431 792 293. 


VVANRINIIN GG! 
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SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such 
projects should be considered dangerous or even lethal if not used safely. Readers are warned that high voltage wiring 
J atolsi CoM el-mer-|aa(-vo melt iar-(evere)geliale mom car-m lary tatrer (Ce) atcmiamtal-W-la te (-toe 

When working on these projects use extreme care to ensure that you do not accidentally come into contact with mains 
AC voltages or high voltage DC. If you are not confident about working with projects employing mains voltages or other high 


voltages, you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages 
should anyone be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. 
Devices or circuits described in SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability for the 
infringement of such patents by the manufacturing or selling of any such equipment. SILICON CHIP also disclaims any 
liability for projects which are used in such a way as to infringe relevant government regulations and by-laws. 
Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the 
Competition & Consumer Act 2010 or as subsequently amended and to any governmental regulations which are applicable. 
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AM/FM/CW Scanning HF/VHF Signal Generator 

This low-cost, easy-to-build RF signal generator covers 100kHz to 50MHz and 
70-120MHz, andis usable up to 150MHz. It generates CW (unmodulated), AM 
and FM test signals and also includes a scanning function for filter alignment. 


Bathymetry through the ages 

Dr David Maddison describes how the use of knotted ropes and timber poles 
to measure water depth gave way to sonar. But modern sonar is about more 
than just water depth measurement. It can be used to map the seafloor, for 
discovering and imaging wrecks and other submerged objects. 


Cypher Research Labs 
BYE Wier m ale)eni exsie)a) 


Rechargeable LED bicycle light 

This device uses a switchmode converter to drive a string of LEDs from a 
rechargeable lithium-ion battery pack. It has multiple light modes and automati- 
cally reduces the LED current to prevent overheating. 


Jaycar 

Keith Rippon Kit Assembly 
LD Electronics 

LEACH Co Ltd 

LEDsales 

iN [retgeYes ali ea Korer alate) Cele 


Speed-based Volume Control 

Newer vehicles can automatically increase the radio/audio playback volume as 
you accelerate, to help overcome increased road, engine and wind noise. Now 
you can add this feature to just about any vehicle with this unit. It senses your 
speed using a GPS receiver and adjusts the audio signal volume accordingly. Mouser Electronics 
(@Jo{-re1g) Cfo) al age)|-y 
PCBCART 

PCB Designs 
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12V Battery Isolator 

This solid-state device automatically connects an auxiliary battery for charging 
when the vehicle alternator is running. It can handle charge currents in excess 
of 100A, does not get hot during operation, produces little to no EMI and has 
a low current drain when off. 


SILICON CHIP Shop 


Note: these features are planned or are in preparation and should appear The Loudspeaker Kit.com 
within the next few issues of SILICON CHIP. : 


; : : aixelalpdtcleys 
The June 2019 issue is due on sale in newsagents by Thursday, May 30th. 
Expect postal delivery of subscription copies in Australia between May 28th 


and June 14th. 


Vintage Radio Repairs 
Wagner Electronics 





Notes(éiErrata 


Multi Diode Curve Plotter, March 2019: in Fig.2 on page 67, the resistor to the left of and slightly above diode D1 (in the mid- 
dle of a group of three labelled 10kQ) should be labelled 1kQ. The circuit diagram and silkscreen on the PCBs sold in our On- 
line Shop is correct. 

DAB+/FM/AM Radio, January-March 2019: the PCBs we have supplied for this project are marked RevC, but they are ac- 
tually RevD boards, with the extra resistors as described in the article. They were simply mislabelled. No RevC boards have 
been sent to customers. 

3-Way Adjustable Active Stereo Crossover, September-October 2017: there is a mistake in the PCB design which means 
that if a transformer with a centre-tapped secondary (or two secondaries connected in series) is used, those secondaries are 
shorted out when the unit is switched off. To solve this, cut the top layer copper rectangle joining the two front-most power switch 
terminals between the two pins, or use a RevE PCB, which no longer has these two pins shorted together. 


The additional feature I would like 


to incorporate is for the entertainment 
channel to be muted when there is 
activity on the marine channel. Do 
you have any suggestions on the best 
way to do this? (G. C., Mount Dande- 
nong, Vic) 

@ You can use a VOX (Voice-Operated 


112 SILICON CHIP 


Switch/Relay) to do this. The latest one 
that we published was in the July 2011 
issue of SILICON CHP (siliconchip.com. 
au/Article/1101). Feed the marine VHF 
channel audio signal to the VOX input 
and wire up the entertainment channel 
to the mixer input via one of the NC/ 
COM relay pairs on the VOX board. 


Australia’s electronics magazine 


That way, when the VOX board de- 
tects activity on the marine channel, 
the entertainment channel will be 
automatically disconnected. It will 
be re-connected after some period of 
inactivity on the marine channel, as 
determined by the delay setting on 
the VOX (VR2). sc 
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“Rigol Offer Australia’s Best 


Value Test Instruments” 


Oscilloscopes 
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RIGOL DS-1000E Series RIGOL DS-1000Z Series 


» SOMHz & 100MHz, 2 Ch 
» 1GS/s Real Time Sampling 
» USB Device, USB Host & PictBridge 








» SOMHz, 70MHz & 100MHz, 4 Ch » 70MHz, 100MHz & 200MHz, 2 Ch 


» 1GS/s Real Time Sampling > 1GS/s & 2GS/s Real Time Sampling 
» 24Mpts Standard Memory Depth > From 14Mpts Memory Depth 


_ = 3319 ex GST Faen $79 ex GST FROM 3912 ex GST 


Function/Arbitrary Function Gen 













RIGOL 222. 
© 0.000.000 00% . 2 
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RIGOL DG-1022 RIGOL DG-1000Z Series RIGOL DM-3058E 
» 20MHz Maximum Output Frequency > 25MHz, 30MHz & 6OMHz > 5 1/2 Digit 

» 2 Output Channels » 2 Output Channels > 9 Functions 

» USB Device & USB Host > 160 In-Built Waveforms 


>» USB & RS232 


ONLY 999 cs: ex GST FROM ‘ail ex GST ows§73 ex GST 


New 
2018 
Product! 


RIGOL DP-832 





RIGOL RSA-5000 Series 


> Triple Output 30V/3A & 5V/3A » +» 500MHz to 7.5GHz » OkHz to 3.2GHz & 6.5GHz 
> Large 3.5 inch TFT Display >» RBW settable down to 10 Hz > RBW settable down to 1 Hz 
» USB Device, USB Host, LAN & RS232 » Optional Tracking Generator » Optional Tracking Generator 


Buy on-line at www.emona.com.au/ rigol 


Sydney Melbourne Brisbane Adelaide Perth 
Tel 02 9519 3933. Tel0398890427 Tel0733927170 Tel0883635733 Tel 08 9361 4200 EMON 
Fax 02 9550 1378 Fax 0398890715 Fax 0738489046 Fax 0883635799 Fax 08 9361 4300 


email testinst@emona.com.au 





web www.emona.com.au 
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Machinery Working 


TCS-3 - Mobile Tool 
Storage Cabinet Seat 


406mm seat height 
¢3 x drawers with ball bearing slides 
| © 420 x 235mm padded seat 
| 2x magnetic side trays 

| © 360° swivel wheels 

| 


$4 1 0 (A001) 


a ©=EDBD-13 
| Drill Sharpener 
Y ©3-13mm or 1/8"-1/2" 

\ © CBN grinding wheel 
¢ Split point 
Y © 80W, 240V motor 


EG | $99 (0070) 
B@) HL-141T 
14W LED Work Light 
¢ 300mm lamp head " j 


¢ Dimmer control 
500mm flexible arm 
¢ Magnetic base 








$4 43 (L2816) 


MSS-46MF 
Mobile Storage Bin Systems 


* Clear front window on bins 
¢ Bins open at 40° angle 

¢ 46 x Oil & impact resistant bins: 
© 16 x 58.4 x 54.9 x 63.5mm 

© 12 x 80.8 x 72.2 x 79.8mm 

© 10 x 108 x 87.3 x 99.3mm 

°8 x 128.9 x 122.6 x 132.1mm 
¢4 x swivel castors (2 x lockable) 


ig mm °495 (K200) 
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Wood 
Working 


Measuring Kit 
© 0 - 25mm Micrometer 
¢ 150mm / 6" Rule 

¢ 150mm / 6" Vernier 
100 x 70mm Square 


$54.45 (012) 


Metric Precision 
HSS Drill Set 


© 25 piece set 
¢ Precision ground flutes 
¢ HSS M2 bright finish 
e Range: 1~13mm 

¢ 0.5mm increments 


599 (D1272) 


PTB-48CD 
Parts Bin Cabinet 


© 586 x 270 x 970mm 
¢ 48 compartment bins 2 
© 480kg total load capacity ™* mEEe } 
¢ Key lockable cabinet doors 
¢ Includes bin dividers 


@ 


$352 ers ppd 


MSS-60F 
Mobile Storage Bin Systems 
¢ Clear front window on bins =e 
¢ Bins open at 40° angle 
© 60 x Oil & impact 
resistant bins: 
©80.8 x 72.2 x 79.8mm 
¢4 x swivel castors 
(2 x lockable) 


$495 (K204) 


X6 
Industrial Bench Grinder 


© 150mm wheels 
¢ Fine/coarse grit 
°0.5hp, 240V 










EXTRA 


RRA MACHINERY 


$421 iss 


Workshop 
& Automotive 
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31-180 
Digital Caliper 


150mm / 6" 

© Hardened S/S mechanism 
 Metric/Imperial Settings 

¢ Four way measurement 


: - 7 


$4 07.80 (Q180) 


MeasumaX«= 


Imperial Precision 
HSS Drill Set 


* 29 piece set 
¢ Precision ground flutes 
© HSS M2 bright finish 
Range: 1/16 ~ 1/2" 
¢ 1/64" increments 


$4 04.50 (1282) 


HS-12 
Hand Lever Shear 


© 300mm blade 
¢5mm flat bar 
© 12.7mm round 








$4 81.50 (S188) 


MSS-40B - Mobile Storage 
Bucket Systems Package Deal 


¢ 40 x Assorted bucket sizes 
© 24 x 105 x 140 x 75mm 
42 x 140 x 220 x 125mm 
©4x 140 x 270 x 125mm 
¢ 4 x swivel castors 

(2 x lockable) 
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$539 save 2158.20 «oro 


bts 900x 
Belt & Disc Linisher Sander 


© 100 x 915mm belt 

¢@150mm disc scheppach 

e Tilting table & 
mitre guide 

© 370W 240V motor 









Cutting 
Tools 





A family 
/ * s\ owned 


\ * +. )) Australian 
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VE Tet altateam Kote) | Measuring 
Accessories Equipment 













WITH PURCHASE 


8 Metre 


(Order Code: M750) 


PB 


“1 free tape measure per customer. Offer only valid with 
these advertised items. Valid until 31-05-19 


BD-325 
Bench Drill an 


¢ 16mm drill capacity 
¢ 2MT spindle 
¢ 12 spindle speeds 
¢ Swivel & tilt table 
¢ 1hp, 240V motor 








$352 (D590) 


CM-300 - 3-in-1 Pressbrake, 
Guillotine & Rolls = 


© 300 x 1mm steel cap. 
© Cast iron construction 
¢ Segmented pressbrake blade 
¢ Wiring groove rolls 


"WITH CM-3 
$385 (S648) 


PTB-48CD 
Parts Bin Cabinet 


© 586 x 270 x 970mm 

¢ 48 compartment bins 

© 480kg total load 
capacity 

¢ Key lockable 6 
cabinet doors 

¢ Includes bin dividers 


$539 (17958) 


Deco XL 
Variable Speed Scroll Saw 


¢ 406mm throat capacity 
* Tilting table 0-45° 

¢ Variable blade speeds 
© 125W / 240V motor 


Terra 





with chuck & 64 piece 
sanding kit 


$253 (W350) 
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